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'REFACE 


It _is now gc'ni’ially roiogniso(' lliat evening i-tuJeirls, 
profiosing to ftillow a wnirse in science or technology at 

technical school, reqiiiie some preliminary training in 
elementary general science._ It is important.-that, in pro¬ 
viding this training, the final aim of the stiuleni shoultT 
fie kept in view; and, horn the first, tne various applica¬ 
tion of scientific iirinciples to workshoji pr.-vctice should be, 
pointed out. From this point of view the qj'dinary sciei.ee 
t xt-bx)k is unsuitable, and an attempt is here made to 
supplv the deficiency. 

It IS usual to provii'c*botl«lecturc demonstrations and 
practical work in this elementary science, and the author 
has felt that, in consequence of the mabilit^ of many 
evening students to take good not^s, a book ^ dealing 
systematically with the subject-matta- of the lectj^res 
would be useful; jvflercas in the practical work the 
student should# make his own notes as he goes along. 
Seme suggestions for practical exercises are included, but 
as the ty|ac of apparatus and equipment Yariqs^n different 

lalioratories, delail.'i have been left to th«,teacher. 

• *** 

The Uid'-n of Lancashire apd Cheshire Institutes in¬ 
cludes theesubject in the examination “for ^he Preliminary 
Tecl^ical Certificate, afid the subjjict-inatter of jTieir 
syllabas fe fully cot^ered in .thg book* 
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Somi' ()!' till' luoij' ditficul ,'erlions might advanj^g®^^ 
ohsly bo oniitti'U on a iirst roadiiig, oxco]Jt m fhh case of 
more !i(Jvaiicetl studhnts. , 

Certain of llie diagrams, by the conilesy ol the authttr* 
and pnlilishers, have lieen liorrowed Iroitt Dr. '^[cumelj’s 
bool* J'leeliames and Heal. 

a > 

Thepuithor also desires ^to aeknowledg t Wllll 
iiselnl sngijr.'stions and assistance in revising |iroofs why.rli 
lie has ii'ceived horn his oolleagnes, Mr. J. H. Moore, ]f;Sc'., 
Mr. M. ]. H. Cookc’, H.Sc., and Mi. R. Choi ley, A.K.C.Sc.- 

R. |. H. 

.Son K I'ul; I, 

I/,O' otoS 
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MAITI'H y\Nli 1C 

Scatter. -l‘'\ 'ivnin' knows Hint i.ujons tlinn's me made 
of dnle'ent kinds ot stud oi'midennl. 'I'lie geiiriiW name 
-'I matter i*; di .dl tin' diffeienl kinds ol ^tnJT. 

The followmy au; exaiujiles nl some ddleieiit kinds of 
matter or subsutiues: -■ 

(a) Wood, stone, non, bone, ftlass, i»,*. 

(/i) Water, milk, oil, sjiirit. 
tc) Air, eoal-gas, steam. 

If wdl be ob.wrved !li;*l tlie^snbstanees m tlie first .set 
(rt) are what e eommonly lalled solids; those in the 
second set lb) are liquids; .nd tliose in the third sol (c) 
are gases. * 

The student shoiitd note that these Knee names,-lo not 
necessarily rej'iesent dilterent kinds ot ‘mattei ; thus, '.m 
differs no inoic from,water than a piece of haul differs 
from the sa'ne lead when melte^l: in tac t, ice, renter, and 
steam aie not different"substaiues, but simply tlifl?rent 
states or conditions of th.e same kind of material. 

Force. —We constaruly see changes taKtpg pface in the 
th'ngs around us; these changes* .-ire caused by certain 
ijfiluences cSlled forces. , 

Tlli^, if ;i stone be unsupixrrted, it tjUls to the grpond, 
i.e. it undergoes a chalige of prosit jon, betauso *t is attracted 

A 
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to the eai'th by a force calk*! gravity. 'I'be particle^ p,f 
tile stone are Held logelhor by another force (idled co¬ 
hesion. A piercToi .lead may be bent or changed in shajie 
by (he apjdica'ion ol iniisculai loice. The same jhecv 9 f_ 
U(ad may be incite 1 oi changed to a lu^nid ’'V he force 
ol heat. ipiantilv ol guipiowde-, on (be appl}r:’tioTv,nf 
a ligTiI.'is instantly i hanged into smoke and invisible gases 
by lh'‘ action ol chemical force. -Xgain, a ])iece ol iron 
('xposed to damj) .iii is giadnrrlv cbariged into another 
iftlostaTA'C called rust, also by the action ol chemical 
force. 

A lorce may lliiis be defined as .in influence which tends 
to inoiUice changes m matter, or it may, as in the case o( 
cohesicn, (end to resist changes. 

A further disi iission ol torce will be found m a later 
chaptei. 

Prcpertl-S of Matter. ---Diffei cut substances pro¬ 
duce different elfects mi account of (he diff'eient pro¬ 
perties which they ])oss('ss. 

Thus, sugar produces a certehi effeit on oiii sense of 
taste beiause it has the piojieity of sweetness. A piece 
of red cloth produces a special efieri on our sense of sight 
on accoind of its projierty of redness. A Imnp of lead 
produces eeilain .fleets beeanse it h.is the property of 
V. .ight. Water produces ilitlerent ctti'cts li'oni ice, Ix'cause 
it has the jiroperties of a h(]uid, .and so on. 

There .ire certain general projierties which ,ire possessed 
by ail kinds and all forms of mm ter. Thus, all matter 
has vireight, and all matter occupies space. 

Every line knows that solids and liquids h;.ve weight, 
Inil if is not so clear ii' Ihe ease of gases. Wo may, how¬ 
ever, easily show that 'air has weight liy taking a fairly 
large glass gl- be .tightly closed and provided- with a Up; 
It we. carefully bajance this on'a p<'ur of good scales and 
then ]mmp the air jut an^l cloie the iap, we shall find that 
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4 become Tij^liter ; if \j'^'«o|K'n file l;i]i ;iikI ^ct (he afr’ 
rush ill j-fjaiii itmvill rej'ain il'; onuinal wA^lit,^ II can l»e 
shown, in Tact, (ha(^ a ciiliic loot of •.'ir*wcif,'hs afiijui i\ 
ouii^es. an.l Ihus (he air Si-a rooii»i 2 (ciJI squarf liy lo 
fecj. hifjS. \w)ulil wcif,'h i_> x j a x lo ■. *] iXoo ounces, or 
>Ji2l Us,' i.e. about out- lunulicilweiulit, 

C.oal-Kas is ligliWi than air, aial llial is w'hy a Dajloon 
filleil vvitli coal-gas lends lo ii--^'. 'I’lieie ate olher.gases 
hjavier lhaii air. • , 

Again il is evidenl that solids ^ind h(|uids occuji^'sp-Til; 
or take up a certain aimiuil ol looni. TiTiis, il we take 
a^lass full ol walei and drop a slone into it, some of the 
water will ov. I'tlow, bei ause it is jnished out b,v the slone; 
the same ipave laiinot be o?i upied by the walei itiKl the 
stone at om- and the s.ime time. 

If we take a glass tuinbler .mil ]iusli its mouth dowii- 
w,arils imilei waler, we shall find lhal the water does nol 
en'er the (uiiibler, because the sjiaie is «^S"eady fully 
'• C'-'pi-.d by Ihe air which il contained. II we gradually 
tilt the nimbler to one side we shall find that bubbles of 
ri'- cseaix- and vise lhioi»;li ih^- outer water, and, as the 
air gets out, l- w-aler is able to ,get into Ihe tumbler. 

In addition to these g, icn,/ jiroperfies iiossessed by 
all kinds o) matter, theie are ler'ain ‘p'opt'tties 

peculiar lo different states or condition* ol matter,. 

• 

Solids. — A solid llils a dehnile shape and size, and it 
offers i.iore or l»ss resistance In any change of The shape 
or of t!ie size. ’ * 

Ihus, if you fal,;e a '"od ol iron and .squeeze it so as to 
try to make it 'liiuner or shorter, or iiijlT it, tj,?(ry and 
lengthen it, or if you tiy to hemUit, or tp twist it, you 
’."ill produi.e no pereejitible effect, eitjier on its size or 
oS' its shapTi. But we knpw that the ..iroikcan be bent 
Gv twjitcd, if wo exert sufficient fouJi; and it can even 
be,sKg/»dy_lengtlione,(.T or sHoi^tesed liy*lhe application ol 
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groat foirt'-. This r.csistaiuo.f'tQ-diangi: of sliapo is caJfc/J 

rtgidity. 

Some solids aro less rigid Ilian others; Ihiis, a piere of 
load isanoro oo'sil,y bci.'t Hum iron, and i1 is oasilv flallOnojl. 
by hamrarring. Wlioii wiouglil non is^jnado l>Jt, it bo- 
fomos soltor and loss rigid and can ilion bo hamnjoilid aeiri 
rollcil I'nto dil'foroni s)ia])os. 

Diftoront solids bobavo. difloionlly iindor llio action of 
foK'OS lending to change Ihoir sluOpo ; thus, il wo take a t]rin 
rod of t^asl iron and Iry [o bond il, it will bioak rather than 
bond, booansd it is brittle: whoiof.s a similar rod ol wire .of 
wronglil iron will bond without breaking, being more or 
less fHablc or flexible; and again, a wire of toniiiored stool 
will bo.id when we subject it to loici', bnl, as soon as W'c 
release it, it will spring baik to its original lorm, liecausc it 
is elastic. ‘ 

Again, solids offer resistance to being divided into parts, 
becaur.e ol 'n.a strong lorce of cohesion Some offer more 
resistance than others, 'rims, a piece ol wood is easily cut 
wath a knife, a |iiece ol brass can be, cut, but less easily, while 
on a piece ol glass, on accoiml'-ol its great lumlitcss, the 
knife makes no im])ression at all. Ihe glass is, however, 
readily broken by a blow on account of its great brittleness. 
The [iroperty of liardness is made use ol in grindstones' 
and ei.iery-wheels',' ii.sed lor shaijiening tools: the stone, 
being harder than the metal, rubs or sciatches particles 
oft the latter. . 

Some kolids will wnthstand one kind of'doree better than 
ano{her. Thus, a cast-iron pillar will support a great 
weight, but is readily shattered by a blpw, or snapjied by 
a bending force.; A wroiight-iron wire or a rod'offers little 
resistance to ,t)ending»,_ but w'ill support a considerable 
weight suspended Jrom if, on account of its grea: tenacity. 
Masonry aiuy.iriekwork will readily support a 'lead weiglt, 
but should not be subjected to a great bending forces thus, 
stone IS not suitable for.nijikhig girders or jojpts. Some 



, MATTER AND FORCK 5 

■^oljds are liable to cliaiif^e.^tfieir prop^'ities \vh?n in use; 
thus, a ]>iect‘ of iron wire, when bent baekwaVds and foiwante 
a numbiu' ol times, l^eeonies weaker arn'i will liiially Wieak; 

,am? steel i.uls ami eaniaffe-wheel,s»aie Jiilble to ^leeome 
brittle (*i a«coiinl of tbe lontinual viUMlion. 

• .Al;l»ojjfjh solids offeHa more oi less stionj^ resistance to 
change of shr])e tl^y may often be allereil in shape b%*uit- 
able means. Some solids, like wi't clay and putt v, ai*: plm:- 
1U^. and can easily be moiJldeil by the fmgeis oi Jry suitable 
tools. Others, like lead, c.m be gnjchially beaten iidwsliatie, 
or, by \'ei V gieat jnessiifi’, laii be lorci’d iiiTii the reipiired 
.shape, as in m.iking solul-diawn le.id pi])es. Others, again, 
litie wrought iron, and cojiper, and g<ild, are,(;m//tY(Wc, as 
they can bi b- aten, or bamiuTied, or rolleil into thim.sheets ; 
and ttiey are afso i/iiiii/e, so that they can be drawn through 
■smaller and smaller boles, loimmg lliiimei and thinnei wire. 
Lead is not leailily drawn into wire because, although sojt 
,ind yielding, it is not sulhc.ieiitly tenacious* ?o st;md the 
;■ illing force. Wood, on account of ifs libroiis structure, 
behaves diffcientiy according as force is e.\erled along or 
across the grain. Tbi's»it is,easily split, or shaved, or 
bioken, in tin- liicilioii of the libies, but it leqiiires much 
greater lon'e to break or cut across tbe tibj'es ; beiiee, joists 
shou'd, of course, always be cut so that the length is 
parallel to the fibres of the wood. 

• 

Liquids. —The chid jiioporfy of h(]ui<ls is their fluidity, 
or ]X)Wec (f flowing, which deijemls on the fuel that the 
different parts, inste id of being firmly bound by (h*force 
of cohesion, as in.Mie case of solids, are frje to niove, about 
amongst ?acli other. In consequence oMhis, a, liquid has 
no particular -'npa' ot its own,,but ada|jts itself to the 
shape of tne containing vessel,* ami maybe poured from 
one vessel 1o another, eithiir wholly or in paH^t ; for a liquid 
oilers no resistance to division into parts. , Another con¬ 
sequence .of this power of^flewine is fliat the free upper 
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siirface of* a liquid,, wlien al* ,rpsl, is flat and level; Joit^ 
if any [lortion s'lood up above the rest, its weight would 
cansc.if to flow to the lower parts nnl,il it lound its level. 
DiffcieiU liquid’s j,)Osse?:s (his property of fluidity in diffofenj. 
degrees; thus, wal®r llous more readily^^thaR l^^acle.or 
glyeerino, liut it hows less readily Ifcan spirit—lieij.e« spifit 
is jirqferred in a spiritdev'el. f.iquids wifeh llikw sluggishly, 
like (feadc and glyceniK,', aie said to be viscous, or to 
])ossess thp ])io]ierty of viscositfjr. This propeity is p.^- 
sSscd ift.a high degree by certain oils, used for lubrieating 
purpo.ses. Thi'’-.e thick oi' viscous Mils are sjiceially suitable 
for heavy, slow-moving machinery, such as engine and 
flywheel bepiings, yhereas the thinner oils are better 
adaptec,'. for light and quickly-moving iiarts, c.g. sewing- 
machines and the s])indles of cotton marhinery. If a thin oil 
were used on a heavy bearing, it vvouhl be sciueezed out, and' 

' the bearing would soon i iin dry, and would then get hot. 

The qiroj*.‘>v. whi.'h hcpiids have, of adajiting them¬ 
selves to the shape of any vessel or iece|)iacle is made use 
of in the casting of metals, (he molten metal being run 
into suitable moulds, so that \ulicn it becomes solid it 
retains the shape of the mould. ' 

Although a liquid readily changes its shape, it offers 
gieat resis'iancc to change of size or volume. Thus, you 
cannot squeeze a tpiart ol liipiid into a vessel which is 
ecdm slightly smallei than a qiiait. Liquids, in other 
words, are jiractieally incompressibL; thus, if you press 
very hard* on a licjuid in aoclosed .space, tha liquid will not 
yicldf but will ]iress equally hard against the sides of the 
vessel; hence, a liquid may be used jo transmit great 
pressures^ as in tjee case of hydraulic machinerj'. Liquid 
pressure is disertssed m«rc fully in a later chajiter. 

Gases. —A^;as, such as air, rciseinbles a liqnfll in liavir% 
the properly ol l/iiidity. Thiis, winds and dra^ights, 
are^cx.iinples' oi air which ^istiflowiflg or mordng along. 
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Ajjiin, the ga<;“supplio<l frojiUthc gasworks flovvi»along tlw 

pipes; and steam tlows from tiro boiler *1.0 the eylimlfets 

o[ an engine, (lases have the lurther.piffpeiiy of dilTusing 

. or Spreading out automa'kieally; Unis, ihsome »'oal-gas 

escapes*:!! 4)ne jiart ot a room, i( eiyi *soon be smelt all 

fivet Uig room. *(iasa^ differ Iroiii liquids in being, as a 

rule, invisible, an*l also m being gimerally inueh lij*hter 

than liquids. Thus, whcieas a eubic foot of water weighs 

ajwul 1000 ounces, a cuUic fool ol air only weighs about 

il ounces. . • 

* • • 

]?ut the most inqrorlanl difference between liquids and 

ga.ses is that gases arc compressible, i.r. they can be 
squeezed into a smaller space, and they are also elastic, 
i.e. they will e.xpand and s^ire.ad over a much larger space, 
if the pressuie is reduced. 

■ The compressibility and elasticity of air are readily 
illustrated by taking a slottl glass tube abmit 8 or 9 inches, 
long, and, say, jj or J an inch diameter, wUi'^rharp edgfis, 
1 y means oi which it is easy to cut two plugs from a 
slice ol potato about ! an inch thick. These two plugs 
enclose a tube lull of ai% and^if we place one end on the 
table and pre s down rue upper ]ilug with a thick pencil, 
it will be found that the air can be readily compressed 
into a smaller hulk. If we sudrlenly let’go, tlic elasticity 
of the air causes tire )>lng to spring»back, and if it fits 
well, it often shoots the pencil some diiftance into the jjr. 
The same properties jan be illustrated by a bicycle pump, 
the nozzle bein(» closed to jrrevrjjit the air escapsrg. When 
a tyre is pumped upf w'e force in nrnch more ai^ than 
would fill the tyre at the -ordinary pressure. 

It is tire elasticity ol ste.un which ^(•arises% fo rush 
from the boiler to the cyliniler of an engine, 'ind also to 
continue CApanding in the latter after the supply from 
The boiler Tias been cut off bv the valvj. 

Tlje elasticity and pressure of gasS^ will "be turther dis¬ 
cussed in a later chitpter. 
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SrMM<K 

May^r exists in ft.ree slates: solid,,liquid, and gaseous. 
All iKe threi^'fonns ^.lave weig'nt and oeeiijiy space. 

Solids liave,'ideinwtesliai>e, Iliev aie inorcen Miss rigid. 
Liquids ar<' llind, i.c. Iliey liav<‘ Hk.- |)o\ver of lloi^ing, Ml 
llie^fjire no! eonqiiessiMo. Viscous liqnils fl<c.v sluggishly. 

(iasps ale thud, and I,hey aie also eoni|>ressilil(! and 
elaslic. 


CHAP I KK II 

ME.\,SUKAfIOM (IK M IrilSIIREMl'.N'l' 

*> 

The Metric System—Measurement of Area 

^Ik Older lhat ’.ve may he able to nieasiire and coinpare 
dflleieiit ohj^'cls as regards length, are.i (extent ol snriace), 
vohiine (sjiaee ocrn|>ied), .iiid weight, it is necessary that 
\vi' should havi' ceitain slandaids or units ol nieasiirement, 
and these sland.irds niiisl he oj, the same kind as the 
quantities we wish to 'neSsure ; thus, the standard ol 
length must he a length, the standard ot area must- Ik- 
an aiea, apd Ih.l'i of w'eiglit a weight, and so on. It is 
conveiiieiil to have .several niiits ol i.iih kind for dilferoiif 
pinposes. Tims, (he Hrilish standard oi length is the 
yaid ; hnl we also have the mile (hr 1760 yards) for large 
ineasnreiiifiits, and Ihe foot and inch (yr yard) for 
small# niea,siirements. The Hrilish sysfeni of units is 
complicated, and leads to clumsy methods of lednrtion ; 
liente •stilt' 'iits s<ionld know soiiietimig* ot Ihe continental 
system origlncle^l*m Piance. 

The Metric System. - The great Icatiive of fliR 
system is that^it is'i decimal sysKiiii, i.e. it is based ^pou 
tlie fiiiiiihcr in. T^',s nimiber u iinicli the easiest to work 



MEi^suRATioi^^ (Ik measu [^m’e>:'i\ 0 

on account ol its bealso thc^basis of ffursy^tciti 
of coiinfinf; ;ind«writing of imniliors. 

'I'lio frnilaincnlol^unit, fioin wliich'ail flu' otfiej-s ore 
(jerK'i'd, is a imif ol Icn^lh.-calK'il Wu' “ntetre," *'hi( h is 
cqvial t<*!y «57 inches, and theicloie al)"iut ,J,', inches lonKei' 
Hjin aiBritish yard. • 

lM)r larger, iiu'nswu'inenis nuilfiplcs bv 10 , lOo, amUmoo 
arc used, and for small mcasiir^nienls iheie are hitf fions 
ojthc mclre. viz. or if or -oi, and iit -ooi. 

riie.se niiilli|ili's and ir.iclions^hale special iiiiTues.'as 
shown in the lolhjvrliif; <able : but only rtiose shown in 
Iieavi' tyjie are iii common use, 

'o nieti'es- I dekainetic. nr-[•inelic tieciinetre. 

[■■'O nielre> i lieklometie imt'**'*01 inetu; - 1 ceillimetre. 

iiKjo metres i kilometre. or -iKai nutre 1 millimetre. 

If IS usual lo employ onlj' one dcnoinnialion lor any 
one aiciisuiement. Thus, instead ol writing-- 

a metres, ] ilccimetii's, 5 ccntimeties, 4 millimetres, 
we slioiild write -’.J.'id meties, 
or 1.1,').4 centimelres. 

This e.xamiilc ilso serves to illustiatc thi' fact that re¬ 
duction from oiu' denomination to another is eftected by 
sinijilv moving the decimal point to ri^it or •left, as it 
is simply a case ol niultiplyiiig 01 diviJing by 10 ou 100 01 
1000, &c. • « 

The units of area arj, ot course, easily dc'rived from those 
of length; thiif we have the jS(|iiaie metie a?id square 
renfimelre, i<.c. 'J'hc .-Jtiident should note that wllt'i'eas 
10 centimetres ;iic ecpial to i decimetre, it takes 100 square 
centimetruB to to'ifl a square decimetre^'just iSkit takes 
144 square inches lo make i sqiiiiie foot^ amt a similar 
rule applies m other rases. • ’ 

• 'The units of volume or capacity are^also.easily derived 
from those of length; tltus we have IJie cuoic metre, the 
cubic centimetre, and so o^ 
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In moasurmg liq;ii(ls a sfijjial name is given 
t*Lit)ic dcrimclra'as a measure of capacity t it is called tlie 

“litre.’ 

It is'most ifiportaKt to noft that I litre = 1000 cSbic. 
centimetres. 

F<!r I decinietic - lo cenlimeUes. 

r si|-neiaincire ■ iix> s(|, cciitimelies, 

I cubit tlcciiiK'Ue looo cubit centimeties. 

••The fulue centimetre is niiit li iisetl lor sin.dl ineasiire- 
ments, anti tli? name is often alilirevialetl to c.c. 

The slanilard ol weight is tlerived from file standard of 
volume, in a^vtiry simple way, tIuLS :— 

'i gram is the weight of i c.c. ot water.* 

This is very convenient, beraiise it means that the 
volume of any, rpiantity of water, cxiuessed in c.c., and 
its weight, jii^picssctl in grams, will he u'lireseiited by the 
same nuinber ; thus, the weight is at once kno\vn from the 
volume, and vice versa. This, of course, applies only to 
water; but other substances ar^ easily dealt with if we 
know how many times Ihc’y arc heavier or lighter than 
water (see next chapter). 

Other units it,' weight are distinguislied by the ,same 
prefi.xes as in the- miits of Icnglh 

lo grains-* i dekai^ram ojj -i j'rani -i decigram. 

100 grams—I hckloj.;ram, gram -i centigram. 

looo^rifms—I kilogram, f or -ooi grum—i milligram. 

« 

Weights are, however, generally expressed in grams or 
kilogi'an*. and decimals of a gram or kilogram. 

British and Metric Bquiyalents.— It is convenient 
to remember die following rough equivalents 

f T| — -• -- i - 

1 The watci I.k^ measured at u particular temperature, v». 4 ® C, 
its. wmperature of maxitium den^ity^ls^ chapter xvL), 
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Itritish. _ Mi-trii. , 

35-37 in’tlies -- 1 metre. 

I incl^ r- e-;4 eentimefie.-i. 

4 inches - fc-ccntimeSes (.'ilxjil). 

5 miles — <S kilometies (iih.nil). 

1 nffiiri' 28-33 'grains. 

2-2 il^s, - I kilogram. 

1 kailnii 4-54 litres. 

7 qti.irts — 8 ]ities-*{ahout) 
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Area.— By an-a wr mean tlic,exlcnl of surfaoiL'? Tt is 
moasuicd by square iiiei^uio (c.g. in square'yards, .square 
nules, or squai'e indies, or in .sciuarc metres, square kilo¬ 
metres, or .square centimetres) although the lyirface to be 
me.ismed int.v have any sha^ie, i.c. it need not bc7-»quare. 

A four-silled figure with square cor¬ 
ners (like the figure) is called a rect¬ 
angle. Its area is readily found by 
im.agining it to be divlilcd into square 
i iCh.es or square centimetres as the ctise 
may be. Suppo.se the length AB = 4 
inches and breadth .Alt) indies. 

Then it may be divided by vertical 
lines into 4 strips (like the shaded ^ 
portion) each i inch wide. Each stri)) may Re divided 
by ci'oss lines into 3 squares (like*1he double*shadcd 
portion) measuring i ii^ch each way and therefore eqital 
to a square inch. Hence the total number of square 
inches vill be 4^< 3 = I3^. Sirnilwly the area of'any rect- 
aiiglc may be foiui 1 by rnultijilying the numbers repre¬ 
senting the length .and hieadth, but wejnust be (^ireful 
that both*measuiemenls are expressed iiiWhe satire denomi¬ 
nation. Thus the area of a rictapgle i fo\t long by i inch 
wide is not l square inch or i litjuarc ioot, but 12 x i = 12 
square inches or i x square foot* ^ 

A *hree-sided figure li^c ABC is catifd a Jriangle, AH 
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'dirular t» Iho bas;', its licfi^Lil. Wo may construct,a 
Kjctangle AHlif' liaviiift tlic same bast* ami Kie same 
•beif^ht as Ibe trijiiigle. It is easy to 
s»e tbal •iBis rectangle bas just t^'ice, 
>lbe tirea ol tbe triangle, EtrAhe por- 
lion of (be Irungle ACD jujltoquybi 
At'b' ami C'Dl! jusbequaU ('BE ; tbus 
Ibe gixen triangle tonus one ball ol 
tbe rectan{|ie anil tbe sbatletl panels 
lonn tbe otber ball. Now tbe area 
ol tbe rect.ingte - leiigtb x bieadlb. But tbe length is tbe 
longtli of Ibe base ol Ibe triangle and tbe breailth equals 
the beight ol Ibe tiiangle. Heme Ibe area ol tbeiecfangle 
. equaIs,.base of tiiangle x bt’igbt ol triangle. Therefore 
area ol triangle J base x height. 

Any surface whatever, whose boiimlaiies aie straight 
> lines, may bc-divided ii|) into let tangles and triangles. 




ami its ;j.rea will be ei|ual to thf sum ol these; con- 
setjuj^ntly tbe above rultS will sejve to’iiiv.l the area ol 
any ligiire bounded by straight lines. The diagrams sug¬ 
gest tso^ie apii'icalions of tbe rules,* the dotted lines 
showing the iiKMiod ol ilividing into rectangles and 
triangles. 


The Circte.-- line drawn^from the cent it of a cirde^ 
to the tiieiiimeien^- is called a I’adius, ii.g. AO, B(j, CO, 
an€ DO. 
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le same rii cji:*are equ^. 
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^11 ra<lii of l1 le 
A dosl)le rairtiis like AOH goiiif; straifyil through the 
centre is calloel a diameter. 

Miy line like EF goiii)r -across the 
circle, l*jt «iiot through the centre, ),s e 
e;Jl(il ii^hord • 

All diamelers ;»e, ol coui.se, equal, 
and measure double I he radius. A 
djameter is grealer thati anv chord 
not i)as.siiig through the reiilio, and 
hence the diameter maj* be considered 
as till' grealcsl dislaiice ac.oss a ciicle. On this fact 
depends Ihe use ol calhjiers lor finding Ihe diameter ol 
a rvtiiider or ol a disc (T.g. a 
coin) ll callqiers are not avail- 
• able, a couple ol set squares 01 
sqiiaic hloi ks laid agaiiisl the 
sc.ileviifh the circle between them 
' ill di qiiiti well. 

The lelalion between the diaineler ol a circle and the 
crcumfereni e (or iiieasim-incnt all round the boundary) is 
very importai i. 

The stndeni should make a series ol experiments both 
with large ciicles (c.g. wheels, large cylRidrical jars, &c.) 
and with small circles (c.,g. coins .;u-5;l small wopden or 
metal cylinders), tabulating the results thus :— ^ 



Ki... s. 


. , • , ■ ,. . ^ unUcrcniT 

Ubitct. # l)i:iinctcr“ (.ijciiinlt*i<*nct\ 

■' • Dian^ter 

Halfpenwy * i indi 3-i4in^es J5i4 Tndies 

• • 

Cycle whef'l . . ’ 28 inches ,* 88 inches 3*14 inches 

I _^ _' , _ , 

Wiien d wheel rolls round once, it travels forward by 
a distance equal lo'its cj/Cumferencel Thus the cirAim- 
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■l^rcnce oj a coin am lie fiijiid with fair accuracy^ V 
uiikmg a small* ink spot on the rim and rolling «it along" 
a straigiit tmo so*as ,U> make two ink marks on'the jraper; 
the clisVance batween.tho marl#-; will be the circumferSnce 
of the coin. 

It will he toimil tliat tlie relalion#l)etween cncumfereupt' 
an(l“(liamfter is Ihc same in all circle*, whcjhci huge' or 
sinalf. viz.— 


Circumference-3! or 3 1416 times the diameter.,* 

Thisrmmbcii which is'iiol exactly .tl, noi c.xaeily .;-i4ih, 
is oltcn denoted by the (iieck letter jr (/>/). 

Thus il (’. he the circumteiciicr and /■ the radian of*a 

ciicle, r~Z7rV. 

♦ 


Area of Circle. - By diawing ladii we may divide a 
circle into any<mimher of Iriangles with curved bases. "V 
• _ _ 11 we make a wide liiangde like AOB 

we note : 

(l) Thai Iheie is a considerable part of 
Ihc (in l(' left Ij^'lween the slr.iight and 
euived href AB. 

(z) I'hat the height ()(' of the triangle 
i* less th.an the radius of the circle. 

(ji That the base hV> is le.ss than the 
cm'ved part of the circle AB. 

A we divide a similar triangularVjiace into threrc smaller 
spaces wc*rmcl that the narrow triangle .\()Y a]iproachcs 
muclr more nearly to the correspotiding jiai t ol the circle 
in all the respects i, 2, and 3 mentioned above. 

Novfr v«t. can,*jn imagination, divide the cireje into as 
many triadglcj as we li|^e, and it is reasonable to conclude 
that il we make the nunitisr large enough, the whole series 
of very narrow triangles will practically includif the wholfc 
area of the ciiCle. 




MENSURATION ( 1 ^ MEASUR}JMfeNT ’ 15 

jyirther, tho ficiglit or cacjisiriangle will oquaf tJie radiuu 
outlie ciiNe, ; ' , 

and tin sura of the bases of all llie, Iriiingles will equal 
• the eiieumh'rence. 

Thus,\e1iave4 - 

* Are* of cadi tnaiijilc- i base x hciglil — 1. base x riuliiis., 

Area of all flic triatijilcs - t (xiim of all bases) x radius. 

1 (illuiiifeicncc ' radius 
- k of 27r;' X 

7rrx;-or3U'" 

It 's inti'U’sting to notf flial r’ .will rejiiosent Iho area 
ol^i square whose side equals the radius of the circle, and 
thai i;i times Ihe area of this .squau' repiosents the area 
of th" circle This is shadeirin the diagram. 



Kill. f'le, 8 

fi 

The area of a ring-shaped surface is easily found its the 
difference in area between the two eiiclos lorming it's inner 
and outer boundaries. •Thus, if the, radii be Randrwe 
have:— ^ * 

Area of largc,circle = 7rH'“. 

Are., of .si...dl circle —7t>^. 

Difference -• .pea of ring — irK^ - ird - iij lU - r ^); ^ 

i.e. area of ring equals gl llnies the dil'fort^icc of the squares 
of the inno! and outer radii. 

Su;hm.\ky. 

Th# metric system is*a decimal syjjtcra,’f.c. based on 
number ifi. ' ^ 
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meti»,'= ,^()-37 ijn.lics-ip;jrd jdus 3’. inchos 
A kiloniclrf /1000 nicta's (about [; miH'). 

A,lilu' = i ('iTlm» lii'cinu'f re - 1000 cul)ic CL'iitiioOrcs 
(1000 «.c.). 

A gram^thr weifjhl '-'I 1 < ■'. ol water 
A kilof;ram = 1000 Krtuiis (about ».’! lbs.). 

;Trca of rcrtangle -leiiglli xbicailtb. 

Arja of trianglebas<'>c i lieigtit. 
t’irrumterence ot ( iicle .^-5! t»nes iliametei - Zrrr. 

'Are.* of firele- ,;) tunes s<iitare on raditts ~7rr-. 


Irxt;K( tsi.s. 

T. I^)W intiny nnllttnetres i>te there in an ineli f 

A. By li()w itnteb does a toot e.veeed 30 (eiitnnetres ? 

3. What weight ol wtilei will till a tank whose capacity 
is 1000 titles ?• 

* 4. A trawi'avels iS kilometres in (> ininules. Find its 
speed in miles pei houi. 

5. A gable-end ot a house ineasiires 24 leel acro.ss and is 
20 teot high to till' eaves and 2ti leet to llie ridge. Find 
its area, allowing for two windows 3 leet (> inches hy 5 feel 
and a door 3 feet by b feet b indies. 

6. A bicvde Pheel has a diainefi'r of 2K inches, and 
rovoivtjs twice a se«''iid. Find the speed of the machine in 
ajiles jx-r hour. • 

7. F'ind tlie area ol a circular (latli 7 leel wide surround¬ 
ing a gta‘*'< plot 2T yards yi diann ter. 

PliACTlGAL EXEKCISySi 

I. Moa.s*urc st^veral .straiglit lines in centimetres and 
inches, using a’ rule divitkid into inch and estimating 
inch l)y we. Vind from your results thff number tf 
centimetres in an inf h. 

Find tile relation ^letwqpn the circumference and 
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diameter of Jar^e and small I-irIos by vanoiiS jnttliods,* 
siicT! as Uic following:— * * 1 *, 

(a) Dniw‘a circle ofinrlies ladins, awl vvitlf a •pair of 
flivkWis steii off (lisliTiices i,>,l ..I inch j'O'.ini^ flic circnmfer- 
fchce. Il^wpiany times should il go il the*vrriiie of ir —3I ? 
Hi)W 'iiany 1imes*does,il actually go, and what fraction 
(if liny) ifi I inch isjell ? • • 

(II) Find, with calliiH'is 01 set squares, the diameter *of a 
woiiden cylinder; thc-n liin^ils cifcnnilerence le,- passmg a 
niirtow strip 111 pajici tightly louiid it, ami piisiring^i ]Un 
through to overlapjiiiig )>an, then Ineasmiiifi the distance 
hetweeii the two ]>iii-pi icks. 

(t) F'ind the diainetei ol a cycle-wheel with tightly 
piinij cd tyres. Make a chijk marl^ on the* lyre, and 
moafee- the di-'tance along the tloor helwc'eii two tiaccs 
left hy the c'lalk when the wheel is rolled 111 a straight 
iine. , 

(<l) Apply the. same method by rolling a^cojn wilh art 
jjh .spo* on it along a pieie ol jiaper. (Take care to avoid 
any slidmg motion.) 

Find, hy calliiiers, the diametei of various sanqiles of 
glass rod, tubing, metal . "imlei?, .spheres, \',e. 

4. Find the average diameter ol small shot hy arranging, 
say, 20 pellets, Fmehing each other in a row’ arul finding 
the total length. 

5. Construct several rectangles whose kides are a wholly 

number of centimetres hflig ami divide into square centi¬ 
metres. Repeat, psiiig sides of, say, 3J and 2-I eeirfimotros, 
and by counting the w'ftle, liatfmuid quarter sijuareisoc 
whether the rule, length x bremllh = area, holds good with 
fractional auinljers! • • 

6. Cut out to definite dimensions various •figures— 
triangles, he-agons, circles, &c., jn'card or Mieet metal of 
nwtorm thiakness; weigh the figures, ?ind compare with 
the weight of a square (say, ol 5 centtnJclreil or 2 inches 
Mde) Si the same material, and calciilalh the»arcas of the. 



WORKSHO" SCIENfE 


i8 

'igures by proportion. Coi.inarc your results with the 
areas calculatei’ troiii the dimensions. 

7’. Drawl varic.is re.gular and irregular figures on squared 
paper, and find the area try counting tlnr squares, t' ying 
to balance the j.arts left out with equal ])arts r.lded on, 
where the sejuares overlap the boundary. 


CHARTER III 

^'KASUKKM1-:NT OF VOLFME 

By the vohmie ol a body (whelhei soliii, h(|utd, or gasci.as) 
wc mean the ainoiinr of .space which it completely fills. If 
the boSv be a solid, il may, on account ot its shape, take 
up room, without filling the sjiace completely. Thus a, 
chair or a table lakes up a .good deal of space in a room, 
hut the sjiace between the legs js not tilleil by the solid 
material of the chair, II we imagine the chair to be made 
of metal, which can be melted down and run into a com¬ 
pact mass, we shall then be able to form some idea of the 
true volume or s])ace acl'Lilly occiiiiied by the maferial of 
the chaii ; lor it imrst he clearly understood that the 
volume of a gi 'en quantitv ot the rnalenal will be the 
same, whatever be its shape, so that a mass of metal, when 
melted down, has iu'sl the same volume as rt hail before. 

In nieasui'ing volume we muss, of coui'se, have a unit 
which is dself a volume. It is u^ual to derive this from 
the.unit of length; thus,‘a cubic '.nr'h is the volume of a 
cube whose length, breadth, and thickness ai'C each i inch, 
and siu’daily \ e may have a cubic^'melre and a cubic 
ccntimetio. It must Ix' understood that although the 
unit is a cubichl measure .the volume to bo measured need 
not be fubical in sliape. Thus, if we have aicubic cenife 
metro bov ai^ll fiH't'iiis with water, and then transfer f^ 
wvtef to a round/ uIh', we shall still have a cubic'ccnti- 
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■Tietre of water,’althoiiglAts^'iape is no longer th’at of^rf 
t’u^e. Again, wf have a solid ball, 01 a riig, or a body oi 
any snape Vliose volume is a cubic iivb* it the ifia]ci'ial 
of tl»s ball or ring, &r., be (iielted <l(»vn. would just ‘fill 

a cubica4b(4\ measuring 1 inch each way* 

* 

• • • 

Volutnes of Segular Solids. —The volume o? a 
rectangular solid like the one shown is easily found Jrom 
the length, breadth, and , ^ 

thitknrss. Thus, sup- 
pose it to be 5 inches , 
long, inches wide, and ® 
j Aches tliUk. It may 
're ciu into slices, each 
r ini h tliick. The top 
'ace \BC]) may be 
divided info 3x4 = go 
squaies (i inch each 
.O' ), ;> expl.dned under areas, and it we cut down the 
top slice along the lines it will be divided into 20 rubes 
measuring 1 inch each waj'. Each of the three slices can 
be treated sinii'arly, anu hence*we shall have 20x3 = 60 
cubes, and as each cube, measures i inch each way the 
total volumi' of tne solid must be Oo cubiefnehes. 

Thus the rule toi hriding the volu^“. ol a solid 9! this 
shape is to multiply the numbers which*represent length, 
breadth, and thi< kness^ Imt care must be taken that all 
three dimensions »ire ex])ressed in the same units.* Thus, if 
we have a box 3 feet lon;,f by i foot broad by 4 inches cltep, 
the volume will bc^ 3 x i x j = i cubic foot (since 4 inches 
= ^ foot) or 36 X 13 ><4 = 1728 cubic inche^* • 

The student may jirofitnbly' test tjie rule .for himself by 
building up „ulids with i-inch cujres made of wood, or by 
dftiwing chaik linos on boxes so as to show' how the space 
occupied by the body could be divideiTinto cubes. 

The method of dividing a solid jnto ii^gin^ty slices c»,n 
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■be apj)hc<l in a great many wascs for the purjiosc of deter- 
mining volumes 

For instance, ,dl .the forms illustrated in tue diagram 
rcseniljle each o her ip this lespect that, if they he cut^into 
slices, tlie sizi: and shajie of the sfiecs will be thoiiiamo ah 




the way along, the shap" of each slice being indicated by 
the shaded face in the dinff' am. 

The forms i, 2, and p, aie known respectively as square 
prism, trvmgular ])rism, and hexagonal prism, and No. 4 
is a cylinder, whicli.inay be considered as a circular prism. 
.Jlio same method of working may be ajiphcd to all flic^ 
regular forms, as well as to the Icmaining forms, 5, 
and 8, and any others of the same character, 

Ik wc are mea.suring in inches or centimetres, 
imagine each solid cut up info slices, 1 inch, or i-^p^ti- 
‘metre i« thickness; then evidently tne number ^slices 
will be the sarpe' as the number of units in thft<^igth of 
the solid. 

Now, imagine tiie. shaded face of each swlid divided 
up into squares pa^uare inches «or square centimetres, aS... 
thn case may be^^ then if we cut through the dividing. 
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Hlft-s, the end slice will be c%l up iulo'a lyimhei cul<;s 
(cubic indies or cubic centime I res), iust a? martv»in fact, 
as t|jore are stjuares in I he area. 

*■> Henc(^ number of cubes in oadi sficeiiinsinber Si units 
ot area in tfie end. 

TIief( 4 orc total iiu i 1 n I ol cubes in all I ho slir»s 
^number of slici s x number of cubes in each slice? 
-numbei of unils of leu(:;th n numtier ol unitsofu,..a 
iitthe end. 

The rule may be inoie biielly e.vnessed thus:- 

• • 

Volume of prism = length x area of base. 

jl: 1 rylindi'i is a most imjiortant solid, anfl it may be 
usotiil :osl i " !ho special lule a|)plied to it. 

The ,irea of the circular base --vr- or .S.r-. 

Hence volume of cylinder^irj-x/ 01 x\r-xl where / 
stands for length. 


L< jinj'v ;:— 


I'o fir.d Ihe volume of 1 mile ot telegraph wire { Incli thick. 

Itiaineter of H,re=] incl ^ence•atlius-1 inch. 

Area of circular end= r! x (iV-^ — x . 

Length of cylinder=i milc= 1760 raids 1760 x 36 iliches. 

Therefore volume of wire = 1760 x 36 JTL: x= 3111-lie cubic 

7 04 

inches = 3 ”'■i^ = 1.8 cubic feet. 

1/28 


* 

Rolacion of Cylinder to Sphere and Cone.— 

H we have a hollovwcylintler i inch in diaioeler utjd c inch 
^h, it will just hold a ball or sphere i^nch irwdiameter, 
, as shown in the .sketch, but of cdbrse th'e ball will only 
gartly fill it. If we measure Hre qticmtity of water re- 
, quired to fill the cylindei; when the 4ali is out, and again 
whet* the ball is in it, we shall find tl!& in the latter jase 
/ •it iust rtiflnires nne-fhirH as watA hftnrfv 
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04 Cupics tieo IJiirdS of the Volume of file covrojiixmdiiig 
cylindo)'. ■ ' , 

N( 5 w fhe vold^jiic of a cylindi'r irr” x /. 

But‘if the'Cvdiiider is made to just hold a j;ihe're Oi 
ladiiis r the length of (he rylirider 
must equal the diameter f h'. 

Hence volume of the cylinder 
j->. 2r-n-2jrV. And volume of 
sjihereV i; ol cylinder = t,)rr^. ■* 

, Jf, instead of a sphere, we take 
a cone whose base and height ]ust 
corresjiond to those of the given 
cylinder, we may show by displace¬ 
ment with water that the volume 
of the cone -' volume of cylinder. 

Ptcncc volume of cone of height 
h and diameter 2r will be 

The rone" and sphere are shown dotted inside the 
cylinder in the diagram. 

The ])oinls to lemember arc :— 

Volume of sphere ", volume of corresponding 
cylinder. 

Volume of' cone ^ J volume of corresponding 
cylinder. 

Volume of Liquids—and, of Solids uy 

HiBjI'LACEMENT. 

t * 

.'Vs liquids adapt theimselves to the shape of the con- 
fainiiigj.vessel, ’t is easy to construct tesscls suitable for 
their measureniihit. The ordinary milkman’s and spirit- 
dealer’s measures arc' common examples, in which the 
measure is simply filled to the brim with the ^iquid. „ 

The standard if i.'iquid measure in this country is the , 
gajlon, wliich is s^ply the volume occupied by lo lbs- of 
wat,cr. Since a i^bic fo6t of water weiglis about 62J lbs., 
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i^-^i^llows Uiat it takes aboul 6] galloiw to makS a cubic 
foot. A*quart is simply a quarter ol a gation, and a pinf 
is half a quart or oncveightli of a g.illoiV • 

.'indolence a pint ol watoi weighs J*vit 
10 1-1 lb.,or jo ouucos. * 

' In f 4 i< nietric systeSi wc have seen , 

that the standard iJl volume is the litre, 
which IS I cubic decimetre os rooo 5? 

cijliic centimetres (1000 c.(*.). In accu- .f-i; 

rate measurements the vessel .siiould 
not be arianged to be •lilled to the 

liiim. liecause it is not /LIZ— _ X 

easy to see exaefiy A^iooo~-=n 
: when it is just full: F;—c.f :::rri) 

f a considerable ipian- V- 

-jn tity ol liquid can be V 

- - ■ added alter it is full, j.-„; ,2_ 

1 J : wilhout overflowing. * 

' -M ’s much better to use a glass vessel 

r with a naiiow neck bearing a scratch 

: on th -^eck *0 show the exact level to 

r ; whicli it .should lx- filled. The diagram 

lepresents a standard 'ifre flask. The 
; : neck is made narrow because a drop 

: or two more or Toss, liquid will then 

^ make«in appreciable difference in levef 

I wheTeas in a wide vessel a few djops extra 

r r * w'oiildnot make a perceptible difference. 

J—~-t Ij, Suehaflask will, of course, only measure 

V •one quantity, and sej^arate measures 
o!) must be used for J litfe, J litje, and so 
IP on. In many tases it. is more con- 
ja) ^ venient to ust? a tall, narrow measuring 

t'O- « 3 - vessel ^ith a scrieij »f marks to repre¬ 


sent •different volumes, as in the •ibcasurjng cylinder 

(a) and the burette \b^ in tl)p diagrar^ It will be ,geen 

• * 
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iiat in lh(; cylincK'i' llio scaK: begins at llie l)otlom*Mri4 
cads uj)v/ar<ls, so that we can at once lead off tile volume 
>f'liquid in lllj’ cylinder. In the .bureUc, on the other 
land,She sciileibeg/iis at the loj) and reads dmy’ifvardc, 
md the divisions'.s/o/i /u’/or,- the botUnn; tlufs vve cannot 
Udl exaCidy how nun h liquid i( cdnlains, but wc< ftiay run 
oiiU any reqiiiied volume of liijind' the \obinie being 
inditafed by the dittcrcnei' belwoen the readings liefore and 
after rnmiing the liquid out.*' The liquid should nol;*be 
used below the liottoiu,dii'ision. 

In reading off the volume ol h liiiiud it will be seen that 
the .surlace ol the liijuid is not quite Hat, but curijed. 



slightly fiollow or concave. The,lowest‘])art of the curve 
should .iKvays bo taken as the true level. In the diagram’' 
the ^rue reading is qq r.c. and not loq c.c. 

It slfSuld bo ttb.served that the eye ought to be on a level 
with the surlivje of the liquid (as at 2), otherwise the read¬ 
ing will be too higji (a.s at i), or too low (as at 3). 

On first using ^1 ^cylinder the student thoiild care(nlly 
study the dhusiofi^to see what' they represent. Tiius in, 
tlffe^figure there ^re 10 divi^ifins Ijefwecn qo and roo, and- 
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iiSfice each divii^on ropros«its i c.c. ' In sotne'cylindar^ 
tliiiio are anly lo ilivisions for every 2 qj\',.c., «nd hence 
each one rejiresents 3 c.c. 

» Sinb^ burottejs generally narrower, tJ!lc«.livisiofls allow 
of finer rcailing; thus in the ihagrain (ihg. if,) there are lO 
difisioti*'for every c.c., and lienee each division lepresqrts 
,’,7 or ■! c.c. Thus tlic reading ot fhe liijuid shown is i-y c.c. 

• * 

.^Volume of Irregular Solids.— If a solid.be pl^ed 
under w'ater it dispLa. es or pii.sjies away just dts^own 
volume of water. This* gives a siinjile 
ni*tliod of tiriding the volume of a small 
solid by lowering if into water in a nleasur- 
ing ry’iiidi r, reading the love! before and 
after the solid is immeised. The difference 
in reading wil', of course, be the volume of 
the .S' lid. Ihit a measuring cylinder, it wi<U‘ 
eni'' !^ to take a fair-sized solid, does not* 
giiW Very fine readings; and hence, for 
more accurate results, it is better to use 
a special disjil.icenient . '^laralas, in wdiich 
the water pusiied away by tlie solid is caused to over¬ 
flow. The form shown in the diagram ^wliich should be 
made of stout glass and firmly clamix d to a base board so 
that it cannot wobble) has been found to give vei^ satis¬ 
factory results. The liquid displaced overflows until t® 
Surface in the wide ves'iiel is just on a level with ^e narrow 
nozzle. The displaced hquid m:^ be measured in a bqrctte 
or m a specially nanow cylinder. 

A solid^ lighter •than waier may be pijjihod under by a 
fine needle. Any air-bnbbles adhering ft) Ihe svhd should 
be removed, as they displace water*]ust as’niuch as if they 
^ere solid.. 




26 


W;0RKSH(|I> JjCIENCE 


Summary. 

Volume of, V'c'laijgular sof'cl-leiigtli x breadth x/liick- 
ness. 

V'olurac of prism-length x area,of end. 
iVolunfe o( cylinder^length x,jl tiipes squarerin raCiius 
(/ X \r-). 

Volume of splicrc=!f vol. of corresponding cylinder 

(x-’rA* 

Volufne o( rono- h vol. of corresponding cylinder 

(== ’f X Trr^), 

Volume of irregular solids found by displacement 
water. 

E.xercisks. 

1. .^ ])tank is 4 yards long, ; loot wide, and 4 inches* 
thick. Find its volume in cubic feel and in cubic inches. 

2. Find‘IFf volume of an iron gilder 10 feel long and 
having the section and dimensions shown in Fig. 17 (p. 31). 

3. What is the volume of 100 yards of wire, the diameter 

being inch ? ^ , 

4. A hollow iron pill'i -S feet high has an external 
diameter of 7 inches, and the metal is i inch thick all round. 
Find themumber of cubic inches of metal it contains. 

5. flow many cvjiic inches are contained in a brick 
^ inches long, 4,]' wide, and 3 inches thick } How many 
■ such bricks would be contained .in 100 cubic yards of 

brickwoili (making no al|,owance lor morfar) ? 

(f. A cylii 4 j||al lank has a diameter of 7 yards and a 
depth of 8 feet. How many gallons cyf water will it hold 
(remenfiiering fijat a cubic foot of water weighs 62^ lbs. 
and a gallon of water .to lbs.) ? 

.Pkacticai. Exercises. 

I. If a mjmbeiydf cubical blocks (say, i-inch cubes or 
i-C)jn. ci^bes) candle obtained, buiW up various pectangular. 
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SK>flOs, njeasuro Ijic length,'breadth, and ^thickness, ar 31 „ 
count tlic c«bcs to confirm the lorniula lijr'ilic vTilumes. 

2. Take any convenient wooden box iwjii iiy chalkOines 
^low^tjw its vnl.'ijne, it solid, could be /iif’up into cubic 
inches or cubic centimetres. Calcukite the number of 
c. i»ich 5 s«or c.c. 

3. By means ot a tnirettc measure out and weiglr the 
following volumes of waler: 10 ii.c., 11-5 c.c , i3-25"c.c., 
8 A From your results, vvlial do vou conclude-to lx; the 
weight of I c.c. of walei 'f 

4. Weigh out 50 grams ol watcr,'.'md by pouring it into 
a I•ea.^uring cylinder test the accuracy of the 50 c.c. mark. 

5. ‘’iud *^110 volumi' of a .small bottle by-finding the 
weight ')! V,aicr reipiired to fill it. Confirm by tilling it 
from .1 burette. 

6. Find, in eunces, the weight of water {oquired to fill 

a pint measure. From your result find the weight of a 
gallon of wate'-. ** 

/. hind the volume of a jam-pot in fractions of a pint 
from the weight of waler required to fill it. (A .spring 
balance with p.ui at the *p ani>circnlar dial is convenient 
for such ex|)erinicnts.) 

8. Find, by using a measuring cylindei^ tha njimber of 
c.c. in a pint. Hence, how many pints in a litre. 

9. Find the volume ol various regul.ar and irregular 
solids by displacement of water, using either a graduated^ 
cylinder or some form Jif overflow dis])lacemcnt a^iparafus. 
Find the volumes of th* regulai*solids by calculation^nd 
compare results. 

10. Fint^ the volime of »cylindrical ca»i by caljjuhation 

from the dimensions, an ! confirm by filling from a gradu¬ 
ated cylinder ’ *• 

,11. ComHj.rethe Volume of corresponding cylinder, cone', 
and sphere, (a) by compaijng the weightAif wooden models 
of th#same kind of wood; Q>) by disji^ement of water. 
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CHAPTER IV 

DENS'iTV AND Sl'lCCIlTC DKAVUA*' 

Heavy* and Light Substances*- ■ It is wAl known 
that some suhstaiicos arc lioavicr tliaii ollurs (liiilk for 
bulk). Tims a piece ol tron more than a piece of 

wiMJi] of*e.\artIy the same, si/e, although, of course, a lifigc 
piece of woor^ might wi»igh mory than a small piece of iron. 
In coni|)aring dillereiif siihslances we must Iheieforc com¬ 
pare the weights ol tqual volumes. 

It is convenient to compare the weights of unit volume 
of eaelT substance. 

'I’iiLis I (ul)ic foot of watca' ueij^hs KKX) o/s. (a 62! lbs. 
e .. (astitoll,, . about 450 „ 

„ „ lead ., „ 7t,o „ 

.cork „ , ,, Co 

If we use the metric units we might tabulate the follow¬ 
ing lacts:—■ 

I cubic centiioelie of water weighs i gram. 

. „ „ iron „ 7-2 grams. 

lead „ 11-5 „ 

„ „ cork „ 0-24 „ 

The weight of unit volume of any substance is 
called its density. 

"Jhus the density of wStcr majrbe expressed as 62| lbs. 
per cubic foot, or i gram per cubic centimetre, and that 
of ir#n^as 450 ibs. per cubic, loot, 0^7-2 grams per cubic 
centimetre. 

Relative Density,'or Specific Grajrity.—Trjm . 

the last set of numbers it is veiy easy to see the relation; 
l-)etv.’eer) water ani the other substances, since the standard • 
of ^’eight (the gr/m) ha? bqpil so ohosen that uilit yolum^., 
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c.c.) of water lias unitV'ej^it (i graM). Tlili^,‘lince i'> 
C**of ir(in weigh* 7-2 grams,*it follows tlia^ i c.c. of irorir-. 
weighs 7-2 ftm?s as much as i c.c. of \yat«a'; hortce. also 2 
c.c. Q^ron weighs 7-2*times gs much aj 2 c.h jif water {'also 
TcuhCT%ot^of ii«S»weighs 7.3 limes as i^uf-h as 1 cubic 
fctfit of water, ami, in hlft. any volume ol iioii weighs 7-2 
timt.s asTimch as llg‘ same volume of water. ' 

This tiumber, 7.2, which tells how many times *the 
substance weighs more^ than* the same volume of 
water, is called the relative density, or specifidgraxity, 

of the it on. 1 * 

« ' 

Similarly we may constuict tl'C following table of relative 
flciBities or sjiecific gravities :— 


Wrt 11;’111 iron 

7-7 

Cork 

•24" 

Cast iron 

7-2 

I’lne . 

5 h 

Copper 

8-r, 

Oak . 

•84 

Lead . 

II -5 

Laiaffin «nl * . 

•8 

Mertury 

13-6 

Methylated i>pyti 

Si 

iokl . 

' 9-5 




. li will he seen that tho.'.e substances which are lighter 
than the same volume walfr have specific gravities 
which arc frtictions less than t. 

It may be mon'.ioned that the specific {«ravitief of such' 
substances as paraffin and spirit which v'ary in composi¬ 
tion are not always the 'tame, tind ''ven jnefals. especially 
different kinds of iron, vaty somewhat in different samples, 
"rtiese relative densities*arc often nsotul in calcuhiting the 
weight 0^' a given vohmiivof any {larticuhir substance. The 
pbiiit to remember is that those numbers ajiply equally 
to a large.mass or to a small fragment o* the sufasRince. 
Thus, suppose wc wi.sh to know the^weig^it of a* block of 
strme 4 feet bng, i foot wide, and 6 inches fliick, we could 
fast find itsgirolumc tobc4xixJ = 2 cflbic ieet. Now we 
know that 2 cubic feet «f water wcftlfl weigh 2x62! = 
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. If wi* (uVlher krfpw that t/ip ntative dertsity of this kind 
..(Jf stone is 2 4,,it is clear that' the stone ulock invst wcifjli 
2-4. tirees as 'luucli as the same volume of water, i.e. 

* sao ’’ 

125 Ifc. X 2-4V-^4o his. or •^^ ■=4-{i2 ewis. 

To take another cxamjile ; sincc^we know that i gallon 
ofcwater*wcighs jo Ihs,, it is clear thal, i gallon cfi jiardlfin 
oil rtf S])e( jlic gravdy -8 will weigh 10 Ihs. x -8 = 8 lbs. 

Siijipose, (hen, that wrt havep cask whic h, when empty, 
wcyt^is 5h Ihs., and when full of paraffin weighs 458 Ihs^ it 
follows'that (lie pataftin alone ^weighs 458 58 = 400 lbs.; 

and since 1 gallon ol it weighs 8 Ihs., there must he 

^”® = 50 galhins tn the cask. 

The working might he set out more ccnicrsely :— 

Weiglit of [arafilin + cask . . . 45cS Ite. 

cask.58 Mis. 


„ jiaiaffin .... 4cx> IKs. 

I j^aMon of paraffin \ccighs lo Mis..- -iS- 8 lbs. 

t'olumc of par.'iffin —50 jralions. 

Similar calnilatioiis might, ol course, be made Irom the 
actual’densities mislead of relative densities. Thus, if we 
. were recpiired to lind the weight'of an iron rail lO square 
inches in cross section and 4(1 fc'cT iong, we should first 
fln4 its cubical contents Iir voluine and then multiply by 
the density or weight per cubic foot. 


VoluinCot linn = 3(1 loot X sci. leci —4 cuiiic teet. 
But 1 cubic fool (‘f^vrought iron weighs 480 lbs. 
'l.ob'il wci^U‘.^49(4x 4^ 1920 lbs. or cwt 
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ExHi^risES. 

.‘otUiifi X I5> inches 
(Ic/sUy of pine is 
35 Ihs.'^^ ciibic ^ ' ' 

•2. V'ork the above .question, given that the specific 
■avitv 111 pine is -sy. - 


I I’inil I fir weight of a iiine log 12 fget 
wide 1^2 inches thicC, give* that lb; 


gravity dl ])ine is -5^. 

3. Eiiid the weight of a sheet ol lead 10 feet long, 2 feet 
wide, and J inch thick, by first wdrking from 
tht? density in lbs. jicr cubic foot and then 
from the Siieeific gravity oj lead (tiken froiij 
the tables). 

What will be the thickness, in inches, 
el lead, whi-li weighs 7 lbs..to the sqiiaie 
foot ? 

5. W’lial wi'l be the weight ])er loot laii 
of a wrought '.on girder ol the section shown {Fig. 17)? 


\ i 

i! 

- R '—♦ 

Fu;. 17. 


A ■ 

Methods of finding Specific Gravity. 

As the specilic gravity of a substance is siin])ly a number 
whi, h tells how many tijiies a^y given amount ol the 
substance weigi more or less than the .same volume of 
water, all '.-e have to do 'n finding it is to weigh a 
convenient quantity ol the substance anTl then'find the 
weight of an equal bulk of watei, and see how many .times 
the .substance is heavier ^Ihan the water* by dividing the 
wtight of siibstaiKc byihe weight of water, thus: - 


specific gravil) 


w weiglfl of substance 
weight of equal bulk of water 


In the case of a'ltquid tlm ]irocess is 1k‘ry sim^ld, lor 
we may find what weight of the substance juSt fills a 
certain bottle, and then find the weight of ^ater required 
twfiU the same bottle. The bottle musf be quite full, and 
no more, m both cases, hence* it is eonv^^fnt to use a bottle 
with a*glass stopper iij which a narrow ^roovt has been 
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•filed, sfi.that, wlidn the steppe/is put ih, tlie excess of 
Jiquid is piishtxj out tliicnij^h t'lie groove ;*thc outside ofTlte 
boUlo #iiust lii'wi be* (Irii'd. (';iu‘ iiinsi be 1!ikcn not to 
enclose uny njTYml)lJes, As,-; lie li(|’liiilh are vveighg^ K’i 7 /? 
the bollle, thr ol Ihe en"*^'' lu.*'’. Tunsii 

be subtiacted in each case. 


Exet^npic 

Weiiiht of holllr 4-li‘|iinl 7%-0'; of 1 i(>1{Ip 4 water -85-05 

Weigh t o*(‘in))t\ IxMtle --^Vciyln of hotile 

.. Weight of ii^inid --f4<a'i5 ‘ Wei^lil of watei --.jo-oi 

Hence siicnfic eravitv of Iitiiiid ‘^‘^’^--•803. 

50-01 • 

This mean* tliat the liquid w%i^hs only -803 as miicli {/.c. about 
I as much) as an equal volume of walei. 

In the case of a regular solid, c.g atnbcora cylinder, we* 
might find its"voliime by calculation Ironi tlu: dimensions; 
and tl)en/».)<nenibermg that every c.(. nl watm' weighs 
a gram, we can at oina* write ilown the weight ot tlic 
same volume of water, and il we also weigh the solid wc 
may calenlale the sjiecifir^gravi^y as before. 


Example :— 

A copffer rylinder 3 cfnlinielrcs lonj; and 1-4 e.tn. diameter 
wei^h% 264-88 j.jtams. hind tlic spei ifu: gravity of the copjier. 

The volume of tdcyhndei -/> ttc® 

- 2 x' 3 lx'. 7 ,x -7 
^2x-^x-7.‘ ■ 7 -, 30 - 8 c.c. 

]To\v, 30-8 c.e. of water ivould we’gR 30 8 grams. 


weight of copper 264-88 „ 

^wv,gl.t**fw,-ue, " 3'o-? 

Tlial is, the cvptier is 8-6 times heavier than an equal volume of, 
water. 


The Weighf a Solid in Air and Water.—If 

we have toMea' yiili arj irregular splid, its volume*might 
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I ,;Joiind b'' (IjsiiPiconiciil *is jtes( nbc'l 11/ the bisl tlfapter^' 
blit .1 siifijiler aiul iiion- .icniiatr iiu-llioii (^ pciub. on Uie 
appaii'ill l )ss ol V I'igbt 'il :i -olid. siispi-ifdod in 

ivator.-«To ii.idi'r-i.iiid tins tiiss ol wiffi'uldirj ns oiihskUt 
the folliw-itiff cspii i.^H'iil, l! vi- b.i\r liio^cAl vessels, one 
eoiilaii.iiig jiiiie water, »nil the othei eoiit.iiiiiiio a sluing 
.solution ol sail in wfilei, it will be louiul Ibat aii'egg WiTl 
siiib 111 llic ])in(‘ water, but it will float ill the s.ill wi^tei. 
Wi; eiplairi tins, eoiinnoiib’. by saying that the egg is 
lieSvier Ilian jnire walei, but iighlei Ilian salt walei ; .'ve 
mean, ol roiirse, that the egg is lie.1'.ier lhaii its oi^ii bulk 
ol pure walei and bgblei Ilian .Is own bulk ol siroiig salt 
water Dy endiillv iiiixiiig llu' s.dj walei with some 
|.’ire water ve ■an grachi.illy R'duee I’s streiigTli until the 
egg Will neilini sink to the bottom 1101 float on flie lop, 
bill rimains indilfeienlly anywhere under the liipiid. We, 
sliould then In justified in eoiielnding lliat the I'gg is now 
pisl as heavy as its ow n bulk ot the weaker sab jjgiler. 

t l 11 now tonsidei Ibe three eases. I'lie stiong salt 
W'a'er evnleiilly jnislies the egg upwards, with a lorce 
gu'iter lhaii lb - downward loiee due to the weight of 
the e'gg. In th ca-c 01 ibe weakei salt w.itei llii' iip- 
tliiust (or Howard loiee) jus* balances the weight ol the 
egg, so that the I'gg aiipareiilly loses all*ils wejglit hut 
is not lorced lo the top. Thus llie iiplliinst is ideally 
t'qual to the weight ol the egg, bin sinet« the e’gg, in this 
injtanee, is just as beijvy as ils own hulk ol liipiid it 
follows th. t <he iii|)tlirust is also equal to ihe u;cif,hl of the 
saino bulk of liquid. 

In me r,ase ol tlig pure W'ater, althougli llie egg labs to 
the bottom* it dois not lall'iie.irly so qytckly as mi* air, 
and il seems likelv lliat, liere also, .there i^ an ftpthrust, 
wh’ch, however, only jiartiy neu^raliseb the weight of the 
eg^. To fln 4 out whether this Is the ease we might sus¬ 
pend Hic egg by a fine thiAad so that'^*; aiiparcnt weight 
might be lound whilo hanging fit the v^itei.* It will be 
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^ound'Hiat then* Vs indot'd .Y'vciy considarabk' loss in *he 
apparent n<'igVit, oi iii otlier xvoi'ds, Ilk’ wutci (foes exert 
an jipilinisl. i>'ov.- in the last ease we Inniid that this 
upllii'pst (or, ;,(i|)ai'.iit loss r.l weight) was ('qual-'to the 
weight ol Ikiiikl gist e(ni;d in \otunte to tl.e t'gg, or in 
other words, jnsi eqii.d to the \ eight of the hqnid dis¬ 
placed ny the egg. To tind out win dier this is also the 
case with the |(iire water we might liiid hy experiineut 
with the displaeenieiil apjiaratus (Kig. Iti) the \ohitue of 
wid'M displaeeil Iw the egg, and the lesiilt will be fhat 
ihisi volume, expixssed in ciibie 
centiinetres, corresponds with 
the loss of weight of the, egg 
iwiiressed in grams, and since 
each I'lihic (■enliiiietic of water 
weighs a gram, wc conclude that 

the loss of weight of the solid 
when suspended in water is 
just equal to the weight of 
its own volume of water (or of 

the yohime of liipiid dis|)laeod). 
This sfatenient is known as the 
Principle of Archimedes, and 
IS very useful in linding the 
specific gravities ol solids hy 
weigliing liisl 111 an lUid then 
in water and so ohlamiiig the loss,of weigdit (see Tig. i8). 

O 

•Example (conijKjrc with last c.Vainplc. ]>. .52) 



jf copper rylin*’'ci in aii ^ 264-88 
Of same in waicr ==234-08 „ 


Lf>ss of weiglit --- weight of | 
e(iiial vol. water ( 


Jlcrccsp.gravity::^^ 

n 


wt. of copper 264-88_ g 
wt. of Wilier’ 30-8 
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Jn the cr:so nf"a solid m ]'{>wdcr or i/i small "pjAes, 
weight 81 an cqtuil volume ol water caa be Jound by' 
weighing a spedlic gravity bottle lnll»of*'faler, alul^then 
»findii'(^hc weight ol water flushed (.•ii wjeii tlie jolid is 
pul iTitcVihi* bottle • 


nj>lc :~ 


Weiglil of ieacU^hoi . . . - loo 

Weight of bottle I'nll of v.atcr . - H5'tt5 

'J'eial uciglit . . . --]S5 mS^ 

IVcigiit of bottlc + w.itei*I-slioi (niCide; -- 177^16 
W'cigi't of water disjihea’d by sliot- 8-69 


■■.IMIS. 


lUo. 


s]). gtavdy 


wl.nfIe.Kl loo 
wt. ol vv.itel (SO-O 


Sl'MM.VKY. 


I'.i!sit^' = weighl ol unit vohiiiie (c.g in lli-.. per cubic 
fool or grams per e e.). II density is e.\|iressod in grams 
per e.o. It indi-.iles hoWjinan^’ times the substance is 
heavier than > ter (since i c.r. of water weighs 1 
gram). 


Specific gravity or relate, e density — 


weight of siibst.-tnee 
u'ciglit of Mt/nc vol. of ^-ater ' 


it tells how many limes rtie snhstance is heaviei 01 lighicr* 
Wan water i^bnlk for billlc). , 

Weight in pam% of given vohmie of stihslance-nurqjK'r 
of r.(.; op. gravity. 

Volume jn c.e. of given wWght of suhslwice-nnybcr of 
grams-rsp. gravity. 

Principle of Aulumedes : when S solid Is immersed in 
lifiuid, the Itjss ol weight = weighf of liifuid disjilarod. 


Specific gravity of solid- 


weight 4 r so] id in air 
los$ of weij^it in waler* 
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liXKK' ISl'.S. 

1 . A‘f,':ill(i!i <>).oi] I'i 1(11111(1 to weiftli St lbs. What is its 
sprc"tic siin’ifyij' 

2. A bottl(>’\ cifjis J5 (grains wlici: cnijitj’,.,t,/ grams 
wlicn full of water, and .^i-S granuhWlicn full ol liiipentine. 
I'ind tlm-SjXTific gravity ol the turjicntinc. 

3i What would be the weight ol a gallon of the above 
turpentine ? 

4,, A metal ball weighs 25 3 grams in air and 2.5-1 gia'.as 
in water. Ibrnl the spi eihc gra,vity ol the nielal. 

5. .An oak plank (sir ,grav. S) 5 inehes thick (lirats on 
water. What thickness ol it will stand above water ?' 

I 

Phactical Kxi-;r« isi;s. 

1. Determine by measurement the volume of various, 
legular solids oi wood and metal, then wi'igh them, and 
caUulate tly densities m grams jiei cubic ceiilimetre and 
in lbs. |x;r cubic loot. 

2. Find the volume of a small bottle by the weight of 
water required to fill it. Find fhe weight of various other 
liquids (c.g. methylated spiiit, salt solution, i&c.) required 
to fill it, and hence calculate the densities ol the liquids, in 
grams jier c.c., hnd also their specific gravities. 

3. Find the volumes oi various iiiegular s(.ili(ls (t'.g. 

bottle stoppers, pieces ol lead jiijie, metal cylinders, &c..) 
by disiilaccment: then weigh thenyand find their donsitiijs 
and siiecilic gravities. , 

4. Weigh the aliove solids in'air and water; compare 
he I0.SSOS in weight with the weight of an equal volume 

of wliKr (as lo'l)n(l in exjierfi'nent 3)1 and again find the 
specific gf'avities. 

.3 Find flic siiecific gravity of lead shot (or ii’on tacks, 
dtc.) by weighing' .done and then in a bottU previouHly 
filled with water t.^id weighed,' and ffom the weight of 
water pusheVJ ouR-hrid the sixvilic gravity of the solid. 
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fli Find till' sporific' Rravilf of a 
{c.g. a \vax(;(l cork) liy weighing in 
known weighi and dijiMty. 
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solid^ighter tUali watQj: 
water, ming a,sinkcr of 


CUAPTER 


LEVFJfS 


Vte all know tlial, on a ]iaii of scades willi equal arms, two 
equal weights will just bidance each other; hut if is a'-o a 
familiar fact that on a ci nrinou sKi-saw it •is ])Os^iblc for 
a li^’ht person to h.'daiice a heavier one hy sitting farther 
away from the sujiport on which ^he see-saw swings. 
1 Ins introilui es the idea ol leferage. 

Exjjeriments can be made with a wooden roil arranged 
1 ) swing on a pivot, tlie weights being hung by loojis of 
string, so that they can be moved along the rod to 
diffeient distances from the ]nvol or ful<y*Bl. A i lb. 
we ghi 2 feet from the tulcrum will balance 2 lbs. placed 
I foot from the fulcrum, and it the i 11 ). weight tie moved 
to a distance of 3 feel, ,it wijl then balance 3 lbs. at 
I foot distance oi 2 lbs. at li feet distance. 

Thus in each case the uhinber of ]K)unds on one side 
multiplied by the mmihir of feet in the (distance* from the 
fulcrum will be just equal to the corresponding product on 
the other side. 

, We might tabulate the resutts as Inflows :— 


Li-ri Si-' 


Kijllil Side. 


W,-.ght. : »*ii.t.u„T. v'l), , 1 . ! j W.islit s I'isl. 

!_> I _ _ 


1 

1 

!• 


c 

3 

.. ll 


3 

• 7 


V 1 

•I 
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, Otliel »xj)erimcik;il iTsiills Jnay be added by the stude».S. 

Eroiii tliese fl'esulfs it appeals that a siiialljweight (or 
force,t acting li’di great distance frpiii the fulcrum will 
suppoi'l a largdy wc.glit at a' sliort distance. If, con¬ 
venient to regaro imo of the weights 'a’s the yo'ibcr which 
balanci's the othi'r leu’i'ghl or n'sis/^aicc; and we ijiay t,lien 
state the following rule or law ot tlie leVer, viz.— 

Po\ver X its distance fioni fair mm- resistance x its distance from 

,, lesist.inie disianre of iimvei 

tulcjami, in . 

, power rhstanci' o) leslst.mce 

Thus the lever enables us to niiilliply the effective force 
many times ; for instance, it the power lie applied 3 ti'hcs 
as far away'as the weight, tlic jiower required will only be 
1 of the weight or resistance. 

The relation between the weight and the |)ower in any . 
machine is called the mechanical adi’aiilage. Tims in the 
above exaifijile the mechanical tidvantage is 3. 

We may state the relations as follows:— 


Mecliaiiical .idvanlage - 


resistance 
power ■" 


distani'e of power 
distance of lesisiance' 


It is not necessary that the fulcrum should lie a li.xed 
pivot; all that isj eqiiired is a steady support ii|)on ii liich the 



Fk:. {lij. 


bar can swing,/is in Ike case of a common crow-bar used 
in raising a heavy ',v,'ighl (see Fig. iq). It should be clear 
that to make the n'cchanical ad,vanf age as grea^as possible, 
the fulcrum should 'ife placed very near to the weightoto be 
raised, and tlie piJwer should‘be apfilied as fan a,way as 
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possible. Tims, if fhe pifwe? be applieil 20 :is lai^ 

away as*(li(' wcif^fil, tbc- power recpiircd wi'J be of the 
weight, wliL'ieas iTtlie power l>c 40 times the 

it n(!c(l only lie h tact* the 

weight 1u.<U ])o\vei • are inversely pri^hoJiH^nat to their 
respective fhstances fnni the liilctuin. 

Example 

^•uppusc a ^-irder weighing 5 ions is to he raised l.iy four crow¬ 
bars (two at each (muI). the weight being e([uatiy (livuietf belwr-cn 
them, and imagine also tliat the tul< iii|,i is pla((;d in e;>i: h case 
3 inches from the giidei and liic ])nAvei*npplied 5 feel from the 
fiilci%m. Kind what pouer (e\|)i'csbcd in cwts.) must he applied 
TO each rrow-har. 

The mothaiiical .idvantage will be 

^ feet ho inches 
--- - — - -- 20. 

3 inches 3 inches 

Hence the pnwei required will he o!’ the vvei^dit. 

Pet tin weight to be raised by each bar will ♦jc’*4 of 5 tons, 
i.e. I of 100 cwts. -25 ( wls. 

Hence the power necessary will be of 25 cwts. — i| cwt. 

. In reality the -teighl ol itie croV-h;ir itself will assist the 
power ap])lic(l, bnt this has beeti left out of acrotmt for 
simplicity. 

This sim])lc appliance is thus a very cffocUve moans 
of obfainiug increased lifting power, bpt wt; niu?t not 
forget thal there is a coiVespondiiig disatlvantagc. Thus J 
in the diagram, since tlie power is applied at, P, four 
times as far from pf 
the fulcnim, F, as 
the weight W, th*e* 
mechanical advan¬ 
tage is 4, i.c. P will 
beonlyJofW- But 
it is easily seen that the* tlisltince (which may be 

called the range of motion),Ihrough whjch the weight is 
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Raised'4 only ] If Ihe dist'aiK(‘ J'P' through which Jjic 
power has bceji exerted, thus while llie jViwer is ihultii'lied 
loudolti llie iys<aiire is dinnnislied^ lourlold, or what has 
been gaine<l inj''ow<n has bl■('f. lost in the distance cfveied. 

This is a very iiupoi tant jiiinciple-'.vlneh Itnkii good in 
alt “ inaehines'■ or ineehaniral :ii,)|)lianees lor tlif inulti- 
'jdicatioti ol power. It may be called the Principle of 
Eqjual Work, and may be e.xpressed by staling that the 
work doin' by a maeliihe is always equal (if we negV'ct 
losses by trielion) to the woik done iqion it. Thus we 
may ilse ,i iwaehiiie t«) inulliply/en r but we cannol use 
it to inultqily H'ork. '(See next ehapler.) ^ 

Other Types of Level's. —With our ]ii\'oted wooden 
rod it IS possible to susjieiid the weight lietweeii Ihe ful¬ 






crum and the' jxnvpr. Ip order to raise the weight it will 
then he necessary‘;or the power to he directed upwards. 
This may eonvenl^dly lx; d'orfc by means of a .spring 
balance, ur'oy aH;iching,a| weight to a string jiassing over 
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The ri^hl-hiinc? p^'rl of Uie ll'\'ei', in Ihf 

(lingrain* then becomes nnnecessary, but il is convenient 
to letain it in order j,o nculialise tlie ol llio weight 

< of tin *,])ar. 

The sii.'.l»nt shoiitd make anil t.imnair a series 01 ex¬ 
periments to lind out nhether tlie same law applies in this 
‘ " lever of tlie secontl order ” as the one which h("ld |od^ 
in the lirsi older. • 

Jl will again be lonnd that the product ol the power 
and its distance from the liilcniiil equals the jiroduc; of 
the weight and its distan.-e IromMhe fulemin; and the 
mechanical advantage will be louiid in tlie same way as 
before. ' ^ 

There is still anolhi'i |)ossillle arrangeini'nl con^litnling 
the third order ol 
levers m which (he 
]iower is ap])lied at 
a iioint between the 
fill nun and the 
weight. In this ease 
it will lie lonnd th.it 
the njiward imil ot 
the jiowcr will lend 
to raise the lever, and 
hence the fulcnini must bear iiixm the top of lh» lever 
instead of below, and it jvill not be possible to neutralise 
Hje weight by a second arm of the bar. Allowance is, 
however, easily nRide for, this wgght by taking a reading 
of the spring balance (or by balancing the weight of Tire 
bar with shot, if a, pulley jji used) befoijp the weijdit is 
attached. *It w'ill then be, possible to* prove ,tjiat the 
same general law still holds good* i.c. jijwer x distance 
= weight X distance. 

*It will bc*ob.seived that jn this ki^^^ of lever, since the 
jxiweiiis always nearer to the fuleruin than,the weight, 
the uower must aliVavs l 5 o igreater 4 hau the weight. 
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\e. the 'iUPchanic;il^a(lv;uitayi?,{as it is still ralliHl) will 
frartjon., Thur, jf Ihe power he a])pliecl *lial{-way*bo1wecn 
fulcrpni and wliighi*, the meehaiiieal ^advantage will be J. 
But, oji the .otJu'r \iaiid, in brder to raise the wofght 2, 
inehes, it will hnly be neressary lor llu' to be 

applied thiough i iiuh. Levers mI this kind aj;e snme- 
Itmes used in order to secure a great frr range of motion. 
An .excellent example is aftouled by the human arm. 
The bones of the loiearm may be considered as a levpr, 
with the lulcium al the elliow. The muscle called the 
biceps,’situated in the'ajiper psrt of the arm, is allacl|^ 
to the bone ol the lorearm a shnri. distance Irom the 
elbow, and hence a.slight contraction ol this muscle will 
cause IJic hand at the otlitr end of the lever to move 
through a much greater distance 

Moment of a Force. -The weight on a ler’cr tends 
tp turn it about the jiivot or fulcrum in one direction (let 
us supposoqit, to be "clockwise,” i.e. the way the clock- 
hands move), and the |)OW'er tends to turn it in the oppo¬ 
site direction ("anti-clockwise"). It has been seen that 
the effect of the power ^or of,the weight) increases the 
further it is applied from the fulcrum, and, in fact, the 
turning effect is measured by the product of the force 
by its distance from the fulcrum. 'I'liis product, which 
neasu’es the turning power of the force is called the 
’moment” of the force, and tip' law of levers may be 
fated thus: the moment of the po’„er===the moment pf 
veighl or resistance. 

Applications of Levers. -1 evers may be used for 
he following jnisposes:— 

I. To ohtaiipincreased ])ower. 

To increase oy' deernase Ihe range of motion, or to 
transmit force to ititccessihle pilaces. 

3. To compare weights (as in a steelyard) or to balance 
forces (as in’the l»ver stoum sflfcty xftlve). 
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#he fii'jt two usps arc cxcisplilicd in ilic v'ariows* l)raker 
and signal le,veis. ^ 

Many lovers aie l)eiU ; for instanet', l1io'’lJver lor apjdy- 
fng the ,J)rakc on a railway*waggon. *Thi, (M'dinari' I'uk' 
for finding’Itie mcrliTlnioal advantage f?.;nAally applies in 
thes® liciit levers, bnl ill some eases it requites jnodifp^ 
cation.' , 

A common ])nm])-handlo, the haqdle of a smidi's liellcws, 
lilt* handle ol a mortising m.ichine, and a coachman’s 
lifting jack aie levers used to obtain increased ])owe^. 

The "picking-peg” of a I'oom, wlljcb drivt?s the sliiiltle 
acro^ the warp, is a lever ol the third order, used to 
obtain increased range ol motion. ’ ^ 

The oar ol a boat is a lever ot the second oidiip, since 
the resistance ot the boat acts through the rowlocks and 
^he water forms the fulcrum. 

Many simjile aiijiliances consist ol a |iair (?f levers with, 
a li'-.t t(' act as fulcrum, c.,g. shears, pliers, i»net‘rs, tongs, 
ana nut-crackers. The student .should consider in each 
case which order ol lever is rcprescnterl. 

In many cases the prii.''^le of» leverage comes in inci¬ 
dentally. Thus, in shutting a door or gate the jmwer is 
more effectually employed the further it applieil from 
the hinges, which form a fulcrum. A nut is easily cracked 
by squeezing it between a door and the doorpost. ‘This 
method of cracking nuts.is not recommended, however, 
as lit places a great strain on the hinges, for if weji'onsider 
the nut to act as’ a fulcp'um, tfje leverage will tend to 
wrench off the hinges. 

A claw-hammer ftsed to e,xt’-act a naii forms a^bent 
lever of tlie*first order. The mi'fal rod carrying ,the ball 
of a ball-tap, for suiiplying waicr cikterns, ip also a bent 
le^er of the first order. 

* The point lo he reraemlicred i#llftil, whatevershape of tlie lever, 
the ariiis^re to he inea.suied by takiqg the direct pcrjrendiiular distance.s 
between the Wcrtim and the lines of ac^dn of the fo^es concerned. 
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fhe of a chair ; the eyfje ffame is hung over one ^de 
just I f(jot frcjni the ('hair-hack, and it *s found to be just 
haknefd l)y al7'lb> weight 5 fc'et fioni the fulcrum. What 
is the^weightot lhf»l)irycle ?♦ 

4. fn a sleel^-aKi', the oliject is suspended 3 ki^fies from 

the tulcruin and the sliding weight amounts ^to 4 lbs. 
How fa'r must this be placed from 11*; iulcrum to bafance' 
I (jvt. ? What must Ik; the weight of an (drject which is 
just balanced at a distance of ib inches ? How far agfirt 
must tl'e marks on the scale he arranged foi each division 
to cor/espond to .1 lb. d • 

5. In a safety valve the effecti\'e aperture through which 
the steam cscai'ies ,has an area of a sipiare inch, l" the 
valve level’ has its Inlcnint a inches from the valve, and' 
carries a weight of 5 lbs., how far must the weight he 
placed Iroin the Iulcrum .so lhat the steam may blow off* 
at a pressiiri! ol bo lbs. on cveiy scjuari inch ? What 
would be blow-off pressure it the weight weie placed 
I fool Iroin ll»f‘ liilcnim ? 


PliACTlf M, l?,\t,HriSKS. 

1. 'I'.ihulate various weights and distances in levers of 
the three orders in the manner indicated in tin' text. 

2 . Jlsing a lever of the first order with, say, 50 grams on 
one side and J V). on the other (or any convenient sizes), 
find (ri) how many lbs. are contaipei’ in a kilogram, and 
(6) how fnany gr.nns in an ounce. 

■«j. Use a lever as a steelyard to find the weight of a bag 
of sand or other object. Place tlui object at various 
distail^es, and cyrajiare yonr'rtisiilts.' • 

4. Usi'ng a lever 0) tlie first order, place tw'o or more 
weights at differeiy disjances on one arm, and balance 
by a single weighV on tlie other arm. l)oc» the sutn*of 
the “ inoments ”'(distance xwt'ight) on one side^ equal 
the single momcft on Uiy other siiie ? 
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,,g. If possible, use a pJo|-\'and chair-back to,>ucigli e 
bicycle, ill the manner imlicatcd in question,3 above. It 
will be convement tq make a small nick hi the'm,i,ildle 
•of themro]), .so that it may lie readily ^loisial,011 thy .sharp 
edge of the I'hair-baib. 


Cl 1 AFTER AT 

FORCE, WORK, AM) ENKKC.V 

> » • 

Force. —II we wrsh lo raise a weight we have to exert 
■Tofte.” This is because the weighl is acted upon by 
gravitation, wliich is another .kirce causing tire weighl to 
be attracted towards the, earth; and, in order to overcome 
• this attraction or downward pull, wo must exert a stronger 
upward ])ull. <. 

If a Body be unsuppoited, the loree ol giavil ;7'on sets it 
in .notion, and causes it to fall towards the earth. .A body 
resting on the ground is still acted upon by the force of 
gravitation, but this for. ''js opp^osed and resisted by the 
upward pressure or reaction of the giound. 

Thus it appears that a forci mav tend to iiroduce motion, 
or it may, by o])posiiig another force, arrwt motion, or it 
may arrest the motion of a body which is already njoving 
(e.g. the brake on a train), or it may chaage the direction 
of its motion (c.g. when a cricket-bat .strikes the moving 
ball). When twowjiposing lorccs just balance c^ch other 
they are said to be in Equilibrium. 

Mass and Weigiit.— Sifleo the forcivaf graviiaflon is 
a universal, and, so long as we rcpiain in one*place, a 
uniform force, it is olten convenient (o^se it* in comparing 
afld measuring other forces. V, 

Thug, in (he last chapter,'in dealinij'with the lever we 
■used weights as measurable forces. 
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Tin:'^piilonl should be cj^'plfil 1o note (hat tlio iiiyt 

ilU'd llii' polled may hi' iispd in two cjuito difforonl senses : 
thus^ iCwe aie'ctmSideriiig Ihc qiinnijiy ('/ nuiU'yial in it, it 
is a measuii' ol rihaSS: witereas il we are con^dering. 
the jorci’ wilfi V liudi it is attrat(ed»(o the oaitlf, it is a 
ineasuie ol weight. 

For e'xaniiile, il we are nirrying a» parcel we are con- 
eerjV'd wilh ils weight—the heavier it is the harder it will 
be to carry; but if we are eoiisideriiig the ciiiiU'nIs ol the 
jiaicel we aie coneerned with its mass—the greater Ihc 
mass the more iiiateiw*l we haw, 11 we imagine the parcel 
removed to the siiilaie ol the moon (wlieie Die toiee of 
gravitation is about |Si\ times weaker than on (lie earth), its 
weight woiifd be lediiced (fi about onc-sixtli ol its tormer 
uiiioiiiit, bill the mass would lemaili as before. 

Again, il we imagine a hinip ol iron weighing i lb. to 
be hung Iron? a spiing balance, the l.illei should ici'ord 
a weighi ^ lb. ; but if we bung a poweiful magnet 
under the hnn[i ol iron it will appeal to become heavier, or 
its appaient weiglil will iiiciease becau.se the pull ol the 
niagnel is added to the jmll the eaitli, but, ol course, 
the mass or iiuantity ol iion is just the same as before. 

It hapjieiis that, so long as we remain in one jilace, where 
the force ol gi^ivilalion is uiiilorni, tlw weights ot bodies 
are pyiporlional lo their masses (whatever bt the kiml of 
mati'iial), and lunce widght is ollen used as a convenient 
measure of mass, although the tvvij tilings are really qujte 
diflerciit.'' 

'lyork. It will lUiW Ix’ convenient U> consider a method 
ol me^tsuring ivoi'k. Sujgiose a labourer is carfying bricks 
Ol mortar to the top vf a building, it is clear UuU the work 
he pel forms on each jourpey will depend iijion two things, 
viz. (l) the weighlilfe carries, and (2) Die height to whith 
he rallies it. 'fliW, il ho carrurs twice as iiiiich (or the 
same distance, oir if he turrits the lame weigli( for twice 
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, • . 

thi; in b(i|li (ms('s*Hi( 4 work 'Ion - will !>r (ii<ublril. 

]1 1 h' ' arni'S Uvirc a.-, imidi for ibn-c- iimr' l!-,- di^l^nce, ho 
will do 2 X () liiiir', .^s niui li woik. Fi'‘iT<<*iii inwisiirin.t; 
flic woi’k, dfflic ii'i K1N1..H ,1 \vcit;hi wc iiTusl ;;n«'idiii n botli 
the unil ol \».'if,'lil (o>loi.( ; ;ui.! llic uml t<i ili.st.mcc. In 
this coim^iv th<‘ coniiniflK'at liiiil oi woik is called the 
foot-pound, which if'prcsents the work done in sic.ulily 
raisnif: a wcif^hl ol i lb. vcrlu .d!\' upw.uds tli'onsli a iV- 
lantc ol I loot. The iminbi’i ol loot-poiinds ol work done 
in rarsiiig a wiighi will be the piodijcl ol llic noinbcr ol 
jioimds by the mimbci of lci '4 lliiou.gli which *111' weight is 
Vais.xl. Thus, to raise 5 lbs. thioiigh a r'crtiial height ol 
() teeCwe must do 3 x (> yi lool-poiiiid» id woik. 

Till-' should make it clear wli\-a level does not multiply 
work; beeau.se while it may imilliply the powei (so as to 
'-■ii.se a heavier weight), it diminishes the dislanee just as 
man}' limes; and hence the piodiitt of the Kvo, which is, 
the measnie ol the work, lemains imehanged.^ • 

J r naiy be obsin ved that we may pnl forth great strength 
in the endeavonr In move a heavy weight, but il we do not 
snceeed in moving it no \ oy< willjiavi' been .leeomphshed 
in the scientific .sense ; the work done depends, in fact, on 
the result produced, a ml not in lely upon tlieeflorl pnl forth. 

It may be added that tlie liiot-pimnu (or t!^(' " tool-ton ") 
may be used 111 lueasuimg otlier kinds ol woik than,that 
d(4ie in laisiug a weight. Work may bet defined as the 
overcoming of resistam e,and wheiever (hat resistance lan 
be measuted in irminds (or tons, (ve.) the vvorkVilJ be 
measureii fiy ninhiplyiag the immlKT ol jrouiuls (or tonsf 
by the dislanee m ie,l^1hiongli wbieli it is (weicome. 

For example, if an engine pfllhng a train on Ibe le\?l at 
a given spoeil reipi.n.s (in order '.o overcome Ihe frictional 
resistances) to exert a pull whicji woyld jifst suffice to 
raise a weigbUof 5 Ions verlically upwanys, then the engine 
does ,3 ^oot-fons ol work fdr every loin itliongh wliicb it 
moves the train on llictlevel. < 
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If f,i" luiin wcR' linvollnK^iil'liil!. "'(■ should Imvijfto 
.kTiI to'thc work whuh woulil In' done on llie k'vd, fhi' 
work done in lai'iins the (lain vnficalU up. Thus, lor 
inslai’i'c, if Jhc Irani is i^onu; up an inriinr of i hf loo, it 
wiaild rise vri,icily 1 lout lor (‘vcy too had llii' train 
travels on the traek : and supiios.uy the wei'dd ol the train 
to lie ion tons, the extra work done In tiavelhny too li’ot 
Wvuld he ’no loot-ions, or e lool-toiis lor everv tool on the 
Iraek, 

To lake another kind ol example, lid ns suppose' that in 
sawing wood Ihe aveniKe lores excited in the thrll^ol the 
saw would he just siiihiienl, it iliieelid upavaids, tc^xuse a 
weiylil o! lo Ihs,, . nd suppose Ihe leiisih ol the thiusl to 
he i8 i|Ue!ies. then the woi k done duniiix eaeli Ihnist would 
he to If T- t5 lool-])ounds. 

Energy. -In older lo do woik we fliust jiossess a 
store ol -Inl is railed “ eneif;v,’' Tins enerjxv ran be 
measnied in loot-jioiinds aeeordim; lo the amount of work 
it can do. 

For example, in a jale-Urivi a heavy block of iron is 
raised bv Ihe men and allowed to fall upon the |iile. In 
drivinR m Ihe jnle ayainsl the le'-islanie wliirh it offers, 
work is done this work < an he measured hv the weight of 
the bloik and the height lioin wliieh it tails. Tims, it it 
weighs 5 ewis. (.,r. .d,, ton) and tails h leel, then x K - 2 
fool-tons will rejiresent the woik done at each slioke. 

When the block IS at Ihe to]) it pos^i'sses a stoic ol 
passive, energy in vii tne ol its raised position, and when i 
is ip the art ol falling this is ehange'l into active energ 
dne’ io its m<d on. I'he first or passive folm is calle 
potential energy, 'lie second or active tom; is calf 
kinetic energy oi energy of molion. 

By way oi exa'tnile w'o may mention a failling hamn 
a ir.oving eaimon-ball, a revolving flywheel, a ,movi 
tr.tin, falling w.i'er, wiiyf <ov mnvinyair), as cases of kine' 
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ogergy; whereas*the rais(»'1 v'eights ot a rlock, tiij' coilci^i 
spring 0* a watrl * a store of wafer at a raisoil U'\yl {i.c. a 
'■ liead” of Vatei ), are examples of iioteiijii! onergv which 
can be- employed for I'lseful \*ork. 

Hut tlierii ari' other w.ivs in winch(or working 
capacity^ can he stoied. Thus a jiicce ol co.d lepresents 
sto;*ed-iip energy; i*ir by hurning il and geiieralir^; steaio 
we can drive a steam-engine, (iunpowder and dynafjiite 
cogitam vast stores ol energv, x'hith are siiddeidv liberated 
when an explosion occurs, and work may be done fuller in 
propelling a bullet or m renjling a rock. 

T4ie Law of Conservation yf Energy. — The 

various loi ins of cnergv are ef;|)able ol transIWmation one 
into aiiotliei, c.g. the jioleiitial energy ol the rrffscd jiile- 
drivei is eonverteil into kiiietie energy as it falls. The 
chemical energ}! of co.d is 1 onvci led into hci^t ciicigy when 
it hums, and the latter into iiiecliaiiii-al eiiCTgv by life 
e .gi'le. Many attcmiils have been made to invent a 
machine which in some way would drive itsell and yield 
pcrjM'tiial molioii. Such attempts have always laded, and 
always must f dl, smiply ^-caiisf il is a fundamenlal law 
of nature that encigy can iii-ilher bo created nor desiioyed. 
Tins is simjily another and more geiieral*»uay ol slating 
our iiiiiiciiile ol equal woik-(iiu'iilioned in the previous 
chapter). , 

It .should be iinderslooll that although energy cannot be, 
destroyed :t iiiavjie wasted as lar as any iisefui applica¬ 
tion goes. Tims a niaehme pi.'f tically always timis <»iit 
less work than we put mlo it, on aecouiil ot losses due to 
friction. This frietfon givi*: rise to Ij^at, \vhieli»is, of 
course, a form ot energy ; but it is a lorni wliltli is not 
..vailablo lor uselul ajiplieation, hemj;, allltoiigh the loial 
(Mergy remiyns the same, the ii‘cftd o'.ii'rgy is reduced by 
nfction. One object in etestgning a iTiailiine should be to 
Induce this waste of jnergy to a yiinimu^i. 
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SliMMAKY. 

Fprce may pioilua; mcilion, or arrest i(, or change its 
direcliiiii. 

When lorces Lalonce each other they are in e(]uilil)rinm 
and no motion results. 

Mass is llie quantity of material in'a body. 

Weight is tile downward torce due to the, pull of 
gravity on a body. 

The Foot-pound is the unit ol work = work di,.ic in 
raising i lb. through i.ifoot (vutically). 

Energy is the ]>owit of doing woik; i.e. overcoming 
resi.stance. 

Potential eneigy is the passive torm; i.e. energy of 
position. 

Kinetic energy is the active form; i.e. energy ot motion. 
, Conservation of Energy: energy cannot be rieated 
or destroy vJ— hnire we cannot get more work out of a 
machine than is |nit into it. 

Hut energy may be wasted ; c.g. by frii lion. 


1. How mam; foot-pounds of work will be done, in 
bringing a ton of coal irom |tic bottom of a nunc 500 feet 
deep ? 

2. A jiile-drivei weighing r cwi. is raised 8 feet before 
each stro''e, and 50 strokes arc necessary^to drive in a pi' 
How many fool-tons of work aie ixpended in the ]irocess, 

3. A water-wheel uses 1000 gallons of water jicr minuti 
and t'; c water falls 10 feet in 'he process. Taking a gallor, 
of water as 10 lbs,, how many loot-tons of work will the 
wheel acc’ imphsli in ah hour ? 

If we take 33,010 foot-pounds per minute as being! 
equivalent to i hot,sc-power, whrt will be the horse-powe^ 
of thrfwutci-wheel ? 
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«4. H(4\’ iiiufli .work iiAist' 1)0 done in ])umi)ii<g loot 
gallons of wiaUT Irora llio boUoiu ol a well jioo loot deep, 
adding on lo per eeiU. parls.in loo or i iii lo^ 

for tlic tncfion ol I lie ]iiim|) ? 

5. In jnn*cliini' ri\VI-lioles in a men iffale llie averagt 
prei^suretol the pnnrh 5 tons Find in loof-ponnils tlio 
work done in pniirlnng caeli hole. 

6. A liain weighing 150 Ions is^going up an inelme 01 1 

in^oo. How ni.iny lool-tons ol energy will he n^isunied 
in lining the train for etery mile lra\e11ed ? ^ 

7. An engine ninning on .1 level ti^irk exeils a pull of 
tons^ How niiieli eneigy will he eonsiiincd cvei y niinufe 
if the tiain i^ going go miles ,in hour 


ClIAI’rKK VII 
T.IK WllltKI. ANU AXl.l- 


Belt Pulleys- and Toothed Wheels 

® t 

Tin; lever, which gives ns eominand of gie.itly increased 
power, suiters from the di.vulvanlage tl^at its range of 
motion is very limited ; lor iuslance, Ihe d'slauee thiough 
which a weight can be raised'by a single ap]iliralitm of a 


icrow'-bar is very small. 

^jJbis disadvantage is.overconie in Ibe wheel and axle, 
^j|ch may be cofisiderc^d as a^kind of revolving lever, 
jfc form ol this machine, siio.vn in the tlmgnim, cousins 
grooved whoeHiVltachcd to a thick jxle or rollfr, so 
■at the twfo revolve together on tt.e sa*ie sjiimbe. The 
l)Wer IS apjihed to a eoi-l passing i«ound the groove, and 
■r e.xpcrimental puriroscs this ijower*.may take the form 
ai^ weigbt*bung .on the cord. 'I'ljc-, Joad lo he raised 
io^Kusyended from a cord wound in tlie other direction 
^*jpnd tlift axle so thdt when' ll»e*sinalle»weiglit attached 
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U) tlu' '.vlii'i'l descoiKp, llid iiird c;in>viiig tlu'. load'-Is 
wound op^ (o ^llio :i\K' and so the load is raisod. 

.Tlicsntal' diaf,oani shows an cnd-viow 
o| the anMiif;onirnl. and the dotted 
line R)' niav he''rettai deil' as a lever 
ol the lust older, whose lideruv' is 
loinied by till' spindle. 

l.et ns suppose llial the radius of 
Ihe wheel is three times the radius'of 
the a.\le. fheij.!^arly the anus ol the 
leier will hc 'iiri the raliool y, : I and 
the iiieehaiiical advantat;e will he 
or the jiower P will halaiiee a load Q 
|nsl I lines as yneat. 

.\s till' wheel and a.xle revolve It 
will always he possible to draw hori¬ 
zontal lines similai to Kr to lorm an 
iinajtiiiary lever, and lieiue the same 
levera.ye and the same ineeliaiiieal 
advanUifte vmM he inainiained. so that 
Ihe < .ily Iliad to it.s ranj^e wall be the 
leiipdti ol id]ie. 
i„ ,, Coiisider now the rehitioii hetwecu 

the distances iiavelled by the power 
J' and the load O. II P hills Uironuli a lieifthl equal 
to the ciuunileienee ol the wheel, it will clearly cause' 
the wheel (and with it tlie a.\le) hi turn |ust once vonud. 
As the axk- tuiiis onee, V will wyid up the weight through 
a heighi equal to the eireumlereiice of the. axle ; and, 
since file radirsi ol llie axle is jdsi oiie-fhird of the 
radius ol Ihe wlieel, it lollows that the eifeuinlereiice 
ol the axle will also he one-thiid of the eiieumlcrciioe 
ol ihe wheel, and heme the distance through wliich Q 
rises will he iii.s:. Mm-thim ol, that through which P falls. 
Thus we lind flrd. while the force P raises a load ^ three 
times as gre.i', it only itiises i{ one-third the- distance 
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tlyougli uliicli I' lulls ; jirincip'D ui t-qiiiu work^, 

anjilit'S hriv pisl a* in llu-1 asc «! levers : wlial is //med 111 
[Kiwer beiiiglost in the distance Cdveitsl * i«', Si otligi words, 
the work done liy P in lalliYi; is iust*e(|ual to llic ^'ork 
done 011 (_) c'ilien it is raised. 

From tile alioie (,\;^ii|ile it will lie clear that the 
inccRaiiical advaiit.ii^e ol anv wheel and axle will Iv louild i 
by dividiiij; the diametei ol the wheel by the dianwter 
of Jhc axle, or the ciii iiiiilereiicewl the wheel by that of 
the axle. 


Me( hanu al ati\ anla^o- 


dianielei (ifwl.- el 
dl.iAlcle;- of: \!e 


... (Ii^tani e m\eieil ]i\ toad . dlanieU i ol axle 

.Spree i.itio - ' * 

disMiv e ( sveicd hi powei dtaiiietw el wheel 

Instead ol ajijMyiii^ llie Jorce by a weight at‘*lhc cir- 

cunileicnec of a whcil, it is more usual in practice lo have 



a handle attached to a crank as in‘n coniwon draw-well 
9 r windlass. As the handle rec'olves h describes a circle, 
widely corresponds lo thf fircnmfertlicC of the w'hcel in 
the other form oi apyaralus. 
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Tlu' c:ipst:in, usod on hoatj,’ ^^lip for n'lismg Iho ancli^jr, 
&c., co\Visls oi a vortical cylimlcr loimd'wliicli Hie rope or 
drain Kwouhll, .and il is rotated Iry means of^a number of 
liantisjiikes arlmg I'be rer olving I<'\'ers. 

In ftiany (as^s il is more conveiaejil, instead of using a 
wheel and axle allaehed to the same spindle, to use two 
wheels revolving on different sjiindles^and geared’I ogef her' 
by/neans of teeth or cogs, or two pulleys arranged so that 
ane rotates the other bj means of a belt, or, as in bicyde 
gearingi two tootlied wheels connected by a chain. 

All .tliese anaiigeiiieiits dejiend on exactly the same 
fundaineiilal principle' as the wheel and axle. Il will be 
lound that the inychanical advantage is most n'adily 
armed at Ironi the distance lalio oi speed ratio ol the 
(lilfeient wheels. 


Belt Pulleys. — 1 be diagram rejiresents two pulleys 
A and B eoniieeted by a belt, lad ns sn])|iose that B has 

twice the diameter 
ol A (and therefore 
twice rts circutn- 
leience), and that 
they are keyed to 
^^ eijnal axles. 

II A revolves once 

. the bolt will travel 

Q forward by a dis- 

far.ee equal to lire 
eire.nmleieiice of A 
ajrd will c.ause B to 
revol'', e, but siiie'e B has doiiMe the eireniirleience of A, it 
will oirly'nrake half a turn ioi every Inrn of A. 

Siipirose tlrdt A is,driven by a falling weight P, attached 
to its axle, and causes the, load Q, attached,to the otlwfr,. 
axle, to rise, it is d’sir that stnde the axles arc equ^, and 
since B only maizes half, as many turns as A, that Q will 



til., =7. 
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onlj7 hall iis |;u' as P*faNs, aiul Iiciici; liy tlu:,Qnncipk' 
of equal woric if P and O arc adjusted la hal/fice each 
other O must be jnsl^wicc ^is heavy as P. * Por mstgnee, 
if P is I 11). ami (alls r fool, it will Tlo i f»ot-|)ound of 
work, and since 0 orjy rises 1 loot, il Bin* weigh 1 11)S. in 
order llnjl j loof-j)oiind^)f woik may be done on il. Thus 
we get the lesult that when A drives P> the inec'hanical 
advantage is j and the sjieed ratio ’• 

pn the oilier hand, il P di’ives A the inechamcal 
advantage will be .' and llie sjieed ratio 2. llms it 
appears that by driving a largi' |)i^lle\- by ?i sinalter one 
there is a g.iin in jniwer with coi responding loss of 
sjieeit; wheie-'s if 'm' use a large jmHey to ilrive a small 
one then' is g.-rii tl sjrei'd anfl loss ol powei*. 11 should 
be enreluliv observed that if the weights P amf O were 
attaihed. to the cireiniilerenee ol the pulley (as shown 
in dots i'l the diagram) the weights would hif\’c to bi' 
in 0)'i|er to b.daiico, since the pull on the liijt 'Bthe same 
throughout (neglecting friction). Tlie meclianical advan¬ 


tage thus o'lh apjilies to the driving ellect al the axles. 

,■ From tile above e,\amj% il wjl be clear that the speed 


ratio and mcch.iniral 
advantage dejieml 
bn the ratio ol the 
diameters of tlie tw'o 
pulleys. 

Jdosl lathes ai e 
jirovided with sjiof d- 
cones, each Consist¬ 




ing of several pulley.i , 110.38^ ^ 

arranged sfeji-wise, so that iliff '.n'nt sj^id-ralioj can be 
obtained liy moving ^ he belt from ose pair ol juilleys to 


another, the stejis being so adjiit^ed that tlic same length 
of belt will fit any jiair. , ^ 

• Belting and jaulleys are frequently used to transmit 


power, fratn one placfe to another quilc*apart from any. 
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jTiediaiiiral advaiilagi-. It tviK be obsarwal that with 
a (lircrK'lii'lt, l)(;tli ])iill('ya must ravulvc ill tlie sanio 
(liR'i;tioii, buf il till' bell 1,'e trossed llie pulleys will 
revdlvj' in upjiosite iliieetinus. 

t . 

Toothed Wheels.-Wlieels me fieipuntly geared to 
work titgelbei bv means nl leelli or engs. The nieelianieal 

advantage and speed 
latio ean be [mind 
liom tlie radii or dia¬ 
meters ot the wheels, 

I list as in the ease ol 
imllevs, but it is'M'ten 
snnplei to euunt llie 
teeth, Siine the dis¬ 
tance between two» 
teeth (called the jiitch 
of the teeth) must be 
the .same in both wheels in order that Ihey may tit 
together, it lollows that Ihe mnnbeis of teeth nnisl be 
])n)[Kii 1 ional to the iircijimlerejiiees, and Iheieloie also to 
the diameters ol the wheels: thus if one wheel has hvice 
the diameter ol the otliei. it will clearly have twice as 
many teeth. ‘ 

It ii wheel A wilh 40 teeth gears with a wlii'el K having 
,30 teeth, H will revolve Ivviee tor every time that A 
revolves ome, and il .A drives B, the speed ratio will be 
2 and llTe niedianieal adv.intage I, • 

' The wheel wlneh drives the other is called the driver, 
and the other is termed the lollowcr^oj: driven wheel, 
may theritt.ire stale tKe lollowmg relations :— 



_*Ke' oliH^ons dI foMowei nuniltei of ttvUi «m ()i i\pr 
Ki'vt.ltuiriiis o(’ (tiiVL'i mimbci ol inTlioii follower' 


••Mecib iHc.il Adviiiuaye 


mimlx-i i-f It fill on follower 
'niiuuei ol teeth on linvr r ' 
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Miil*bc obsoivcM 1 lluiP whcfls in gear 

rcvolvo in mipo.Mtu diriT- j j’ 

lions, ll it IS (losircj .tlial 
the two wIkh'Is shnil turn 
the same way an HUir- 
nicdiiitii ‘«idk' ” whrid may 
ho plaood hctwfi'n * (lic'in 
(d in Fly. 

fhe number ol forth 
on the idle wheel will not ath'rl the sjterd latio noi the 
modianiral advantayr. ’ > • 



Trilins of Wheels.- -It a laiy<' speed ratio or a laryo 
nua h.mieal advMiif.u'e ..re uajnited. d is nioie'eonx'eniont 
to obl.nn It by suecessrf'o stei's 
liy nsihg a I lain ol wheels. Such 
a train is re|iiesenti¥t in the dia¬ 
gram. It will be obsiii'ved that 
two toothed wheels are keyed on 
to oaeh of the middle axles, one 
aijting '_s a follower to the pro-' 
vious axle, and the other as a 
driver ol iho lollowiiig axle. 
Tims, if jiowei is%t; ken Irum A, 
Iheii'A, t', and K are drivers, 
ainl B, 1 ), and 1 ^' lollowers. The 
, , sperd ralio is then lound by 

• multiplying the tit'th ol all the drivers and dividing by 
the product of the number oi ‘eefli of thd lollowers. » 



Thus, speed ratio’(h F to -V'»beio the liters 

represent the number ol teetii oi. Iho respective wheels. 

* ‘ 

, Applications. -The diagram, whidi represents a simple 
“winch’ or*'crab/ illnstj'ales a verj* ii^eful eombiiiation 
of the^'lieel and axle and toothed-wheel ge.iriiig. 

It willJhe seen that*the cranl» Itindles *ire atlai lied to u 
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sh'cift i^iryini,’ :i small j)iui(^ii-^vlu'cl wi'iicli gcats with a 
much laf;,'i‘r-spiir-\vlii'( l allaohcd to tlic ilruni or barrel. 

* i * I * 

l/'t us (IcU-niiiiK' the nu‘djmiral iulvanlage by applying 
the ]«iiici])kMif equal work. 

Suppose llie Viap.ieter oi b.irrel “<S*iiielies. 

Length of cranks 12 inches. 



tit. {I. 


Hence the iliaiiii ter ol ciicles de.scribeil by the handles 

2 ^ inches. 

Number of tei^.h on pinioii or driver, 12. 

Number ol ter.th o». sjiur-wheel or follower, bo. 

Since the jiinion lias oyly one-filth as many teeth as the’ 
spuv-w'heel, it fcillo^cs that the handles must revolve jive 
time? in order to turn the sjiur-wheel, and with*it the 
barrel, oua' roiuf.l. 
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^ow the diameter of tlie»('i!rle deseribed bv the bandies 
is 3 limes tiie iliametcr of the barrel, and hM'C. also 
the cirenmk'n'm e o| the first circle "(of. ^bci distance 
actually travelU'd by the baiidle m (.he coiijjdele turn) 
will be ;; tiwies llie (^iiciimlerence ol (Jni^iAiel (/'.c. the 
distance Ibe rii|>e will be wound uj) in one lain). 

Thliefore the fi turns of the handle (ivquiied lor one 
turn ol the baiiel) will cany the bandies Ihroujjh 5 x ‘,;r 
15 ^imes the distance thioiigh which the rojie is wound up. 
Hciicc the dixtaiiee moved by the power is 13 tinfestbe 
distance moved Iiy the weigh! t the spcwl lalioSs 
and henre by Ibe jiriiuiple ol efiii.d \\o,k«the mechanical 
advaiAage is 13. , 

This rc'iill may nNo be airij'ed al by con^dering the 
ciab as a combination oi the wheel and axh- and tlie gear 
•wheels. 

It the hamllo drove the barrel direci, the, nicchanical 
advantage would by the usual rule be 

Diaineler of wIk'cI 24 _ ^ 

Diainelor ofaxlc H 

# * 

riie mechanical advantage ol»1he gear iiJUllc 

Would be 

Niiinbev of teelli ill followei 60 , 

Number of Icelli in (Iriver 12 

( 

By combining Ibe two we gel a niecliaincal acTvan- 
iage which is the proihtci ol these t^’o results; i.e. 

3x5 = 15- 

In this way the meclianicai aiivimiagc m any coinjiouiia, 
machine may be lound by finding Hie advantage for the 
parts separately and nfultil^lyi)ig the result^togcthcr. jJ'ho 
student should particularly note that the scparati* results 
are not to l-c added tvgelher. 

3'lie chief uses of trains ol wheels and other gearing 

are;— 

.(it) Tti obtain incieasjid powfr. 
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{!>) To ohtoin ROMlcr spci’^. f 

(f) 'Wdiat^i' the- s|Kvil in a definite ralio. 

The n'ali Slid V.ie geanne ol a liaiid frn*jif‘ arc good 
cxaliijiles ol^lhe fiiSI iiM'. ^ 

Tlie geariifg ^il bicycle and thejiell and,)nitleys used 
in diiving a dyiianio at gicat speii'l oif a sliail moving at a 
' miuii •lower rale arc examples ol tlie«serond iisi'. * 

»The liesl known example ol Ihe Uiiiil usi' is aflotdeil liy 
the train ol w'lieels in »an ordinary clock or watch. The 
spir.dlr cailying the hoiii-hand, wlinh revoivc’s once in 
12 hmns, drjves that ol the,miiiiilediand once in i hour, 
and llie latter/h ivcs the second-hand, ixwoKiiig once a 
niiiuite, the speed,ol the whole being contidlled Isy the 
]iendiihim f.r balance wheiil. 

Ill a*,a'ri'\v-cnttiiig lalhe the ciitting lool is caused to 
follow the groove between the threads of the screw to be, 
turned by ijieaiis of a hading screw wliidi i allies the 
‘slide ics^steadily along lioin lelt to light (oi vuc vend). 
This leailing'screw is diivcii lioni the lalhe spindle by* 
a train ol wheels so arranged that dilfeicnl change-wheels 
'may be introduced in ordei to piovide loi a ditteretlt rate 
of tiavel of the slide it'st to adapt it to the cutting of 
screws ol liifferenl ])itch. This relation will be. better 
underslood afillu- reading the cha),tei on sciews. 

Another imiiortaiit exan^ile ol the use of change wheels 
to give deiiilite^variatioiis of speed is afforded by various 
cotton-sinniiiiig machines in which the change-wheels are 
used 1(» vaiy tie "duitt” and ‘ twirt ” as leqnired'by 
*lifferenl dasses'aiid eoi'.iits ol v’ani. 


Sr.<M.vny, 


f I 1 II ili.uneiei of wheel 
Mediati cai atb.infc:igo of wheel and axle - , , 

, diameter of axle 


.Spec i r.ino- 


difamfiei ol axle * 

<»f vvhf‘rl 
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Jn toollicd ulicijls ami ltt-IA|nillcys :— 

, (liaiiK-loi (oi no. olTf'etlil p.. 

.Spcidtialiii ■ , r- • Jr >,i 

ili.iiyiolct pKj no of let'Ui) of lolIoa-.T 

III trains of wiip'Is :— 

• * *. , S 

, . piotUiJ'l of Icplii nos. of (invets 

(I nillO " , ■ r I r r r. 

• • pi^alin t oi Ipelh nos. ol inllowpis 

III any oom|iininil iiiarliiiiP Iho total niorhaiiical adil'ii- 
•ijc is till' produpt of tlio im-i liafiiral advaiitagi'.s ol tiio 
a'parato parts. 

E.xkkcisics. 

1. Til a liuyclr', a gcai-wlioi.-l with .^5 looth drii ps a rliain- 
li'i).; with i.S l.'i'lli atiaibed to tlip hack wheel. 'How many 
levoliilions will die wheel make lor each lorn of I'lif’pedals ? 
Snjij'ose the hack whci! lias a diameter ol 2iS inches, what 

' gear ' will this coriespoud to ? • ^ 

(Notk. —Will'll a 2<S-meh wheel makes 2 levojijt ions’lor 
me of the jx'dals, the gear is said to lie 5O; i.e. 2iS x 2,) 

2. In a maiygle the handle is attached lo a wheel of 21- 
inidi diameier ; this caiTiei^a piinon wilh 20-leeth geaiing 
with a wheel of (10 fee h cast 111 one jiiece wilh a pinion 
of 20 teeth ; the latter drives anothei wheel of (lo teeth 
keyed to the spmille ol the rollei, and the i«!lei has a dia¬ 
meter of 7 iiiehes. h'lnd the*mechameai advantage and 
how many (urns ol the handle would be unpaired to pass r 
tablcclotli 4 yaids long yiroiigh the mangle. 

3. The handle M a cram, works a il-ineh ci'fink aim 
carries a ]vnion with i8-(’eetf geSring wnh a wheel of (> 
teeth carrying the harjel, whose diameter is 6 inches. Fine 
the mechatfical advaiilagi ; Slso how mgny turns iJ^ tin 
handle are. necessary to 'vind in 20 fei^ of chain. * 

4. An eiigiiio running at 120 revolutions phr minute ha; 
a* driving jiiillcy 24-inch diameter driving a pulley 18 
inch cyameter on die lint* shaft. Find the speed of tUi 
latter. 
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5. A mafliinc willi n liclt/|)tiloy 10 jnchcs in ^diamcp'r 
runs fnVy tlic lino shall iif tlio last qnostion. If it is to run 
at 2411 fovolnViiins,'what sizq ])ulloy must l)o'usoil on the 
shaft ’ 

CHAPTER ‘Vlll 

I'tMJ.KYS, HhOCK TACKLE, El-FUTr--.^ r .m- 
fl'\C HINES 

A I'lH KV consists of a small amoved wheel, called a 
sheave, ]Jivnted,jn a'kind of frame called Hie block, to 
wliich a, hook is attached. A cord or -rhain 
pji^sed thron^jh the block so that it lies in 
1*1 * the p'oove .about half loiind the sheave. If 
pf Ji-Ai# i>lock be stispended from a beam, then a 
wij-i.qht attached to one end ol the coi,l can; 
‘ .. be laised upwards by pnllins the othei end ^ 

tiff- cold (Ini(')iwai'il'- (oi- in any cnin'enient 
direction). When used in this wav there is no 
is gam in power, because the pull in the two 
parts of till' ‘cord ‘must be the same (if we 
^ neglect friction) ; or if we consider the line 
PWJ'as a lever, then clearly it has two equal 
arms. .And again, it will bt^seen that, to raise the weight 
1 fouf, Hie jiower must pull Hie cord throiigli 1 loot, hence 
the r'elocity ratiijiis I, and by the iirincijile of equal work 
the meckanical a,,lvautage must atso bci i ; i.e. Hie povter 
igust equal the i weight.<■ When*-used in this way it is 
called a fixed pulley, and it i.-. not used to obtain increase 
of ])*jver but sihiply to enali'e one to apply the power in 
a more. 1 convenienl direction. 'Huis a weight may be 
raised, to the lop ofbuilding by a man pulling down the 
rope lro;n below, instead'ol having to go to^lhe top atiifl 
pull npwatds ; ov again, ti sail ncay be hoistecl by a pulley, 
attached to Hk mast of a shij). 
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But the same jifjlley lilo(»L*a*av be vsetl in aiiolla-r way, 
liy luminf'il I'Vcr ami atlaehing Ihc wri^hl lo tY/ block, 
one (‘ml ol tfic lOpc belli,,; li^ed to tlK'*bi*ain. i^we^iow 
pull 111'' otliei end ul llie rope npwai* 1'-. tin; , — 
wliole block* anil tlie^ aeie,bl willi il ,wil^ Pe 
raised. Siiu'e the hlia'ktiisi's with the Mcight 
il now fonns a movable pulley. Now, a= 
before, Ibe |iiiU ni the two pints ol the rope 
wijj be equal, but sinie bolh patts share in 
supporting Ibe weight, the pull in e.aeh jiarl 
will only be hidj the weigUl , eg. lo i.i'S. iii 
weight of _ ll'S. a powei of only I will lie 
IvqiiiPt'd , f.e. Ibe nneiianieal ,adv,iiil;»ge is 2. 

mud, lie .ibsirvr,! that, in.tl'is e.iSe, tla* 
vveigin oi llie I'iork is inehuled and must be * 

‘added to the load attadicd to it. 

Let 111 now consider tiie speed ratio. liwe wisti tc 
raise, the we.cut i foot it is Hear tlial of tin 

lope must be sliorlened. 
in' I loot, and iienee there 
mil lie 2 feet ol lope to 
])ull iqi; i.e. Ilic weight 
rise only hall tlie dis- 
lanee lhnT«i,h whieli the 
I’ower ino' es; hence the 
speed ratic is 1, and by 
llie pnijeijile ol equals 
work till inecliaiTieal ad- 
cPintagels .igain found t« 
lie 2. In order to secure 
Ihe bi iwint of the dftvn- 
V. aii^ ipplieation* of the 
aower, it i., usual to combine a niovaliU pulleV with a fixed 
3fte in one of.tlie ways shown in Eig. J l. 

A number irf mocatile ]>i 1 !li*ys may be cBmbined to form ' 
1 “system” of pulleys One*of,tlie mell^us o"doingllus 
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is shown in Fig. 35. It wilhlc; seen tl^at there are three 


niovabV, iinllevs, W, 

I- )■' ' 


\V.„ and we,. It we call the weight 
O I 11 )., then the first pulley, 
W'i, divides this eipially be¬ 
tween two string.'-', so that the 
pull >11 W', is only 1 : .siini- 
tally W'., (liviiles the weight, 
so that the pull on W', is only 
-J- of or and finally W',, 
again divides the weight, so 
tliat till' ]mll to be exerted at 



P will only 


\ p -i '->1 .1 <>'■ 


^ , of Ibe original 


\\P', "eighl. The 

ii. 

weighl ol the 

V,1. .. 

^ three pulleys 




' I, ' and the effeet 

of frietio'n will, ol course, increase the 
power actually re piired, 

' The arrangement of pulley's with sejia- 
rate cords is seldom used in prcictice be 
cause the uppermost jiulley would leae.h 
the loji, whilti,' the lowest one would only 
have risen | of the distance 
Fig. 36 shows an arrari.gi'ment with three 
,,sheaves in eaclj block anil a lontiniious Hf 
cord jiaSsii^^roil'll! them all. 

1 In this it will be seeti that the 

lower block*®Snd its load are supiiprted 
by .dx braiiclil'.3i ol the erxid, and conse- 
quuntlj' each jiHich supports one-sixth of 
the weight, antWiijnce the ])ower to be ajiplied at P will 
only be /, ol t|jkweiglit (including the weight of the 
block). The mei.hanical ad\-ahlage will thus bo The 
sjieed ratio, a-, jiiight V,,anticipatcjl, will be -J; for if w? 
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. ' ' 

I'isli 1o raise tli(^ weii^Lt ji'foot, ilicn each hrancli o1 th^* 
ord must be shorIciK'd bv i loot, and licnci^ /.iliigcdhor 
' feel ol eofd imiil l)e |nille^ down. • • ® *• 

lnslc.nl of |)larinf;*the slieaves one•iindi r another in a 
□np; block, il is more usual to 
ilacc tin m side by sile in a 
niter floi k. as sliow n in hi,!,'. 

;7. Tin-, aiiauf^enieiil is more 
ynipact. but the luiniiples in-» 

•olved and tiie nieehanical ad- 
/anta;.;e are just Ihe sanji’ as 
iclore. Sucti an arranyemeut is r./ f 
■omtronly calk'd a block tackle. .‘"li 
« 

Efficiency of Machines. - 

V inac'ime i> siinj'K a conliU'- 
ince till till' 1 onvcaienl a|)j)hc,i- 
ion or It.oisiiiission ol power, 
rims, '.1 1. vir. the wheel and 

ixle,,and ihei ulley aie nuichinos. 

'n,^ll suih machines It ^■ill 
bund that the powi nec‘ssarv 
ilways i.\ceeds, more o>- less, the 
imount found by calculation 
roin the theoretical niechaiAcal 
idvantage; this is due to losses 
ij’ biction and othei resistances, 
rluis.in a pulley aTcrtam araomil 
)( pow'cr 's consumed in s'mi'lf turning the sheaves iTn 
.heir axles, and «,Unt!;er amount in^ovetcoming the 
itiffness ot the cord. This*j)cwcr is «'^slcd, and.^iis a 
'ule, it should be ledu -ed to a minimum by careful design 
md by lubrication ot the moving pai>s. * 

• It is often inslnictive fo comparejhe theoretical value 
of tin* power required (a/ cfllculated frofli the nieehanicar 
advant^e) with Iheucfiuil falwc.as lom^l by e,\periinent. 
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Tlie rolation is 'Expressed jfs a ])errentag^. 

reprosc'nw^ig wjiat is cidl('d the efficiency of the machine. 

Thus, ii in a Ccr'iain niadii'm' a force of i Ih. should 
theoreUcally .raise a load of lo lbs., wlicieas it actually 
raises only h Ilia, then the ethcieiny \voul<l lie. or ex¬ 
pressed as a iHTcenlage, ol loo^ So per ceiil. ^hr again, 
if we kei'p the load oi rolljs. fixed, and if this would theoreti- 
calty reipiire a fore-- ol i lb. but is found to actually need a 
force of i -.'t lbs., then, since 1-25 lbs. only does the lheoi e(i- 

cal work ol i lb., the ef'fieienrv is - * , or. exiacssed as a 
• ^ , '■ 1--5 

percentage, 1'--- (d 100-80 pci cent. 

i'-^5 „ 

Thus, in ofdet to (ind the efficioney of a machine, ail we 
have to do is, first, to cateulate tlie tlieoretical power fo; 
a certain load, then, secondly, to find by ex|iennu'nt the. 
actual power for the same load. 

■ The cllk ieiir'y will then be given by tbe (onruila : -- 

' tlioorelic.al iiowcr 

' X100. 
actual power 


In finding the actual iiower care must be taken to make 
it large enougli to aelutdly raise the weight and not merely 
to halaiiie it, because the friction is only brouglit into 
play when the rtac.hiiie moves. 

. It W'ill often be toniid thaldhe elfieieney varies; tlms, in 
the case of a pulley the rojie may he stiller in one jiarl fhan- 
-3nothei, and Die ;| leaves may move more freely in one posi¬ 
tion thaif anotheJ' heme it is advisabh to make several 
er.periments and'then calculate'an average value. The 
state of hibricalion will have a marked effect on the result. 

In'l'iiaking expjrbuents wiEi a pulley it is convenient to 
hang a idted weight 011 to the iilock, atlacti a scale-pan to 
the power end'of the cord, and then place w-cights in the 
scale-pan untd the weigh' ’just begins lo rise steadily. (Ik, 
;makiiig cab matic'ftis llie weight bf the scale-jian mpst he^ 
added to tli'e weights it contains. 1 
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, The^ Dilferantial Pulley. —^Tliis vory usjcful lorm 
of pulley eeusists of an ordinai-y inoval)l| i'Cy k with a 
single sheave, A. anc\a spei^ial fixed ijofk. whieti carries a 
double sliea\e made in o)ic piece but 
having 1 \«) grooves, one ol lhem,«f , 
slighily^mailer than f?io other, B. An 
odlMs (ham paSM^ round the sheaves 
in the manner sliovvn, so as to leave a 
f*oe 100 ) 1 , Py. The grooves are Aicessed 
‘0 fit the links of the chain so that Ihc 
after canm I move without turnin" the 
Leave. 

SSi |iose. ’v.w, (hat we pull at P; fliis 
jjl .'luse L '0;i/ ' to revolvejas shown 
ay the arrow. The movement of B will 
.ju'l iij. No. I braneii of the chain and 
Send to rais’ W, but the movement of C 
will al the avie. time lower No. 2 branch, 
and so l> nd to lower W. But as B has 
a laiger ('■aire ter than C, it follows that 
No. I branch will be railed i #re than 
No. 2 is lowered, and -he combined elteet will be to draw, 
in a length of chain e)ual to the differeme between the 
rise of No. „ and the fall of No. 2. If* toot of chain 
bo drawn in in this way, will, of course, only* rise 6 
inches, this amount ol .shorlcning taking iilice in each 
branch. 

Let us now .-''.iii|iose dul th<’ grcmnfAencc of the larger 
groove is t? inches „nd .nat of the Ynallor groove II 
inches; then if we^iall in 12 inches of clmin at P, will 
cause B and C to revolve jus^; once, aneftSe hrauthes i and 
2 will be shortened by the difference betw,eon 12 and II 
inches, i.c. i inch, and hence, a£ above, W will bo raised 
^ .^incli. Thus, when P, inoves 120 inghes W moves ^ 

iheh^.p. the speed rjtio is and l^encc the IheoretN 
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Vai nii.-chyni('al a(]\'anla^^r woilltV'he 24; bc. a lorcc of 1 li?- 
should 24 ids. 

The \V(Vuld In* 

,, ■] j,, . ciiTumfeicni ('of uieovc 

Mcclianical iidvantp'^o —j > 

’ ' dillerence u( eiicum. of j-toovus 

I 

One fiociilianty ot Hii'- iiiarliiiu' isiiliat tlu: hiclion is 
so'g'.cat Ih'al llio wi-ifjhV will rcniain siisjk'iuIcmI wilhont 
any power heiiiK apjihciV ami wiUimil llic loop I’() beiijij 
fixed ni any nay, whereas in an onlinary block bu kle the 
free mu ol lb” iliani nui'-t be .held, or 11 veil lo something, 
if the weight is tif-be pievenled lioin running down. 

On aeeoiinl ol (his I'xeessive fiielion the el'lieien^’ of 
this form ol pulley is siu;;,ll (m one exjierniient it was. 
lound to'oe alioiil jo jiei eeiil.); but in iiiany cases this 
is of small imporlame eongiared with the lonveiiience 
of lieing able .to le.ive the load h.ingiiig m any position 
witlfout IVyng. 

In order lo lower the. load it is necessary lo pull the 
chain at y. 

S'liMjnkY. 


A fni'il pulley,simply changes dirertion ol lorce, without 
increasing its efteit. 

A single movahk jiiilley gives ineehanieal advant.ige 2. 

In ordinary roinjiound pulleys the mechanical advantage 
numhej' of si rug's suiiporting the .load. 


. r'llieoiTtici.l power |•e(uli|•el.l 
"hiilciencv ol mi>'ehine= , , , . 

.■ ^ actual power leqiiiied 

If msilijihed by f.^i) the peicimtage is obtained. , 
In Jilfi'rentiarpulley :— 


mechanical atlv’anlage-2 x 


diameter of iaiger sheave 
dIIference of,(htimcteis 


Sficxid ratio m all cases 


Jllfl h.'inir;il.!i(iv;inl:t(.i««' 
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ExKKrlSHS. 

1. In a (oiniriDii I'lfkli' lil^xk IIk-u'Mr- two piillu^ in 

the fixed lilyi'k and two in the niovalik' blo»k. Find the 
mechanical ad 'iintage* • * 

SupjiosT' il IS lonn4 liiat to laise a 3(1 11>. weight rwqiures 
a toici' of JO ]h^.. tind the jicrceiilaiio elticiencv-* • / 

2. In a ditfereiitial jiulley it is Jonnd that to raise the 

loJd () inches requires Ji feel of chain to he piilleeWlown. 
Find the nieehanieal advanh^ge, ^ s 

Siq pos rr tile; efficiency to lie .’A iier^cent,, find the 
force«ieiessaiy to laise a load of 1 cwt» 

3 ,, A laovaole puiiev block vveighing 5 Ihs. parries three 
and Inc lised block also has three sluneve's and 
Hveighs (. li)f. '^iiiel the tlie'oretical power reepiireii to raise 
a loae. o; 40 Ihs., taking account o) the, \jeight of the 
pulley. 

4, Ske: . a ; .\cd Jailley, a movable pnlle*y, anet a coni- 
bination o* the i,vo; .ilso a block tackle, with two fixed 
and two movable shcavfs. 


LcAC'.I'AL r„\icne:.sES. 

1. Fit up a single, fixed |)«illey with .1 fixed load on 

one side and a scale-iwn on tiie other, .ind find what 
weight (including the weight ot scale-jial) is necessary ^ 
raise the load ..'esKfy* hence calculatl the pdl'centage 
etficiency. * 

Use various load;* jnd see whether thd efficienev varies 
ako. 

2. Arrange a single niovaine pii^iey witii oiTc string 
fixed to a support and tlie other end aitaclu^l to a spring 
Italanrt; reading in grams. Attach a load to the pulley, 
and eiiamine the leading df the balance, (?i) when the load 
is at rest, (b) when it is being..dtarfify raised, V) when it 
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IS steadily lowered. HcyiV do yq'j accoun^t for t,he 

liffeienevs ? 

3. Au'Augc'it eodilnnation ^1 fixed and nioVablo pulleys 

will! fixed load'and a scale-pan, and find the weight 
required I0 tai^sc tjic load sleadilj;; hence p ilciilate the 
eflirieiicy. ■ ^ 

4. U<'])eat No. 3 with an acluaU block tackle, using 
hvin'ier weiglits, ami lind the efliciency lor various loads. 

5. If a differential jiiilley is ae'.ukible, test its veloqfty 
ratio'oy linding the length of chain to be jnilled 111 to 
raise 41 ie Inivl, say, i fool, then find tlie lelation of the 
load to the ]iow»'r (wlieri the load is lieing steadily raised), 
and hence calculatodhe efficiency, 

CHAPTER IX 

1!'HK,INCLINE]) I'LANE, WKDttE, A.N't) .SCREW 

In chapter vi. reference has been made to the fact that 
'■A’hen a train is going iiji an inckne it is raised more or 
less (juickly according to'-llie sleepne.ss ot the .slojie. The 
steepness or “ gradient ” is generally expressed by stating 
the ratio botiYtcn the vertical rise and the corresponding 
distance along the incline., Thus a gradient of i in 100 
meani^at, in order to rise by a given vertical distance 
the tiTOi must k avcl loo time's as far along the slope; 
c.g. to ria^‘ 1 incl it must travel Too inches—for a rise' of 
I foot or I yai'i the distance*, to bo travelled will be 
100 feet and looj/ards respectively, an,d so on. A gradient 
ol i»i:n 50 wuul^,c)f course, be steejier, since a given rise is 
accompihslied iai half the distance required on the i in lOfl 
slope ■ a giadfcnt of i ui 50 on an ordinary railway would 
be considered e'cry steei'),bvlicrcas i in 300 wojild bc»a veiM 
. moderate slope 

It- is wll known t,tiat »the gijiclienl of an incline 
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aflccts yie powct neccssaiy to mount the slope. Let us* 
consider the iclalion between the power necjssai y and the 
weight to fie raised, by a]%]ilying the pAtiapf(' of equal 
work. Siiii]K)Se a waggon weighing i ton is to lie'^frawn 
up a slope* ol 1 in joo. In order to i|iise the weight 
through r ertical heij»ht ol i loot tlie waggon must 
move along the slofe through 100 Icel. The^woi'k done 
on the waggon in raising 1 ton through i loot wd* ue 
ij^oot-ton. Hence the work done by the ]iower will also 
be I fool-ton. Hut since the power acts thumgh a dis¬ 
tance o( 100 leet, the force will only he j*,’,, of";! ton. 
For the work done by a force ol toir acting through 
100 ffel will be x 100) fool-ton^ 1* foot-ton. 

1'hus we gel the relation ;— 


Power vertir.al ri'ic , . , , r . \ 

r-- -r-,— =igra(lieiu (expressed as a frachnn), 

Wei.glil lengtli ol slope i 

Thus with a gradient ol i in 100 01 me pawcrwil* 
only reijui-■ lo be , ol Ihe weigiil. 

The ariangciiient evidently gives us a mechanical advan¬ 
tage of I0(/. Thu.s: — 


Mechanical advantage^. "'"W" = 100 - ‘'■"Rtf' 

power vertical rise 

It must be dearly understood that, in titis calculation, 
wc have entirely 
left out of ac¬ 
count any fric¬ 
tion, and have 
only consiflered 
the work done 
in raising the 
weight against 
the force of gia- 

„ 

' Exppriments on the relalifni between power and weight 
caji be rcadilv madi* with ti Biodel inciined plane con 




/4 nuiuvv'5m;i * 

* I 

sistiiig (if a sinootli lioaid A((i’, which/(Mii be ,tilted 
various a^iglos and on which runs a lollor or small trolley 
to re])res\'ii-t lhi‘weight,” tl<j powyr being applied by a 
weigh,i attiv hed to the tiolley by a string passing over a 
jnilley at the'to^i oi tlie inoiine. 

It will be lound that il the bitaiid be lilted sp that the 
vertical rise BC rs just hall ot the Icifglli ol slope AC, the 
w’t-i'ght P will supiiort a weight W just twice as great. 
Thus, it AB ■ 2 ieet aiiii BCi=i foot, a weight oi i lb. (.P) 
wall si'iiporl a weight of 2 Ilis. (W); bul in order that W 
may ICe raised i foot, clearly P must descend 2 Ieet. Thus 
the mechanical advantage is 2. 

The student should make a series of experiments, aTljust- 
ing the inclined plane to >:rious giudieiils and labulalirw. 
the resuAs as billows :— 



• 

MccIi.imumI Aflt.in- 

Vt'IlK.ll 

Kkm (K). 


t iiadifiu 

©• 

Wthi'JiL. 


c,y)- 

Lfiiijili 'it 
(L). 

2 lb. 

1 ]b. 

i 

1 fttot 

( 

1 feet 


3 lb. 

{ ib. 

( 

6 

« 

4 .IH'llCS 
{-.‘1 foot) 

2 feel 

1 


it \yill be seen that the mechanical advantage is always 
represented by a number hniudjiy inverting the fraction 
^vhich rejiresentsithe gradient. 


Mec^ jC.eal advant»t;e = '“’l''^'2^[ 

Example :■ 

Suppose that a pl.ank iaffect long be placed against a cart, 
_ standing 3 feet ahovi^the giound, so as to form'an incfine, and 
that a stone wcigliing a ewts. Is to he juished tip this»incline. 
What force will bij|;iecess.wyBiel!leeung/riclion) ? 
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'{lie t;ni(iient is i4 13 or r ii»4 ; i.e. j. , 

nenco tiu' me( liaiiK .'ll rulvaiu.i^c will lie 4; i r. tju- poiK-r mil 
be [ of the iveijjlil. ^ ^ 

, lienee fovec rcijuired will bo \ of 3 ( wts ■- (wt. or 5b lb^^'’ 

The Wetige. —If wt jiiiaKine n heavy ;#lonc H reslmg 
on a wedge'-sliapcd p.iece of wood A, it is clear that if,A be 
driven iiiider 1> by 
a horizontal blow 
witfS a mallei, I-l 
would be raised in 
the direcUun ol the 
arrow.. In iliis case 
the weight !'■ not 
by ]iulh!ig it 
along the incline, 
but by driving the. 
wedge (with its in¬ 
clined lares' under 
the weight, 

Tliisillustrates the 
relation belwecn the 
wedge anil the in¬ 
clined ]ilane, but it 
is more usual to use 
the wedge lor the 
purpose of produc¬ 
ing •a splitting :ir-, 
tion. Thus a down¬ 
ward blow on the w'cdge C would produclgre.at pressure 
and so tend to split or renil Uie objoet^^o which ii*is 
driven. 

The height of the .irdiiiary inclinetl, plana here corre¬ 
sponds io the back ot the wedge ^uiil the length of slope 
to the length of the wedge.* , • 

Thus, mechanical advaiUajie of wech;ej= —wedge 
** » widtfofb.ack 



J'k.. )(> 




7 b. WOKKSliUy SUIiNCii 

Clonfly a lout; namiw vvcUg# will hav/: a ^jreatef mechani¬ 
cal ailvantap than one wlik h is more blunt. Many tools, 
notably^ the a.^o/dcpcml c(.i wetj^'c action! In practice 
the ual mechanical advantage is much less than the? 
theoridical Viyuo.on account nt Jlie c'cry V'rcat Iriction 
brought into play, but this tnetum serves,the useful 
piupi'isc of preventing the wedge trom Hying out again 
lifter the blow. 


Tlie Screw.— An ordinary stair may lie considered as' 
a stt'pjied kicline. ^ To eionounse sp.ice a stair i,s somc- 



,times made to wind round in a s|.)iral or cork-screw form. 
The ofdinary s;rcw may he consld^rcd as an inclined 
jilane wound sj/rally rdund a cylinder. 

If we cut a Triangle of paper ABg of such a size that- 
tliT' distance is just ejjual to the circumference of i 
cylinder, the'paper^uay be loldcd once round the cylinder, 
and the sidh All <will then form a winding slope, whichp 
jf continued uniformly! would make a spiral rotind fhe 
iVlinder.^ . 

Vtyf We imaging, a fly to,wa 3 k up ;u jiathway foUpwing 
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'Iqpe AB.^ it is cl^nr Ihat-^bV walking once roni^id the 
cylinder it would liave raised itself vertically through the 
listance P>C ; Mienn' it has male use (il an ‘ih^itne ai whhh 
;hc meehaiu<\d advantage is found as usual. 


Mechanii a 


, . /vl’ 

acu.iniai^c— 

■ nc 


lu l^nh'l^inc'o^>f i-S hndei 

lic ■ 


Now il tlif spiial be a-ntimicd, the succi'>sivi' Anns wiP' 
le yaraili’l toeacli olhei ami PC wil\ rc'invscnt the itiiijurm 
listauco br'Iwrc'ii any two of these sneeessive luins o7’thc 
il'iral. This distance is called, the pitch ot Itie,screws 


Ilcnc* mecb.uiK al aclv^nta^e of sciciv 


ruciiinitrence 
* l>itch 

» 

BS^spiral b.Kes the loini o( "Jt piojecting tlin^id, the 
tuiTis ol which aic scparateil by a rorre- 
spondin^ (.'’('O''*-'- The sketch illnslrates 
a screw '.vith a square thread, shown 
partly in se- tion In many eases the 
thread has a V section. 

Let ns lu.w consider Uie efh'ct of a 
screw. 11 our imaginarv rfy wc?e to 
rontinue its course ro\uid anil round 
the spiral pathway tlie effeei would be 
to carry it up the cylinder in the direc¬ 
tion of its axis : thus the nearly ci’cular 
motion of the fly is eoncArted into a 
resultant motion ali^nf,' ;» straii,'lit line, 
forming the axis of the cylinderand 
this is prcri.scly the efiect of evei 
screw, viz. to convert a c.ireular.or turn¬ 
ing motion into a motion along the length^ 


Pitch 



'crv \ 

1 FlC. 42. 

vrn- 

; lenglh%>f the»screw. 
The student should iieu* ihe lollovving^yiportiuit fact:—■ 


t)ne turn »f the screw produces linear motion equal 
to the pitch of the screw.* 
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Applications. —In the'(jrdinnry /jp]>lic:itions of the 
screw it is nccessiiry to liavi' a semnd liolhnv screw or 
“ nut’’.yro-Ji l(»d'with a S||ral groove wliK'h just tits the 
llii’.d of_tii(' screw itself. EitliiV tlii^ screw or the nut> 
mav tlicn Ife paused to travel along !>v tunvng one while 
the olliei is prevented liom turning. 

Tl«’ cliicf uses are as follows:— 

•ill) To'hind or giip things lirnily as in the connnon nut 
and holt and in the cice, and the connnon wood scj'ew. 
In tTie hitler case the nut is formed automaticaily hy the 
sharp threa^t cutting a si>iral groove in the wood asjoLiS 
driven in. 

{Ii) 'i'o exert greut lifting or compressing force’IS*. in the 
screw-jack* and screw-prjss (of which the common le.t(ja 
cojiyiiig jiress is an example). 

(c) To piodiicc a slow and steady motion as in the 
sciew-cuttiijg lathe, where the cutting tool is carried 
almig.4), a dclimte rale hy the “parent'’ or ''leading” 
sciew while cutting the spiral groove on the screw to he 
made. 

' ’ (if) In delicate measurenn^nls* and fine adjustments a 
miiromctcr screw is heqiienth used. This consists of a 
carefiillv inadi screw ol small pitch, the circular head of 
which is divalcd into a number ol equal jiarts, so that 
a dejinite fraction ol a twin can be mad<’ami measured. 
Thus, lor instance, if the pilch he i miiiyneire and the 
.circumlerence ol the head he divided intiinoo I'arls, then 
each division will correspond to n'u'ol a turn, and ^ince 
each whole liii* carrie^i the screw lorward by a distance 
equal to the jileh ol i iiiillime.tii'rf it follows that each 
division on IW^iead eorrifqiond.s to a lorward motion of 
the sci'ew iTjilhmetre. The ordinary sriew gauge 

is inrule on this prwicijile. 

In the ajiplication dl tlie screw lor ojitainirtg grSat 
jiower, it is wdil to rerncmlier' that the actual mechanical 
addanlcEre is nuich si nailer‘than the theoretical value; in 
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other words, Ihe itfficiency^s'small, in consequence of Iho 
great friction involved. In many c.i.ses this friction is 
a great advAnlage, since il V'onnieracis'll.i'-' loialcncy of 
the screw to loosen itsell hy Inrning liai h when thc>f)fiwer 
ceases I0 bo applic'il. ^ It is this Irictipn wilich prevenis 
a nut ami lult Inmi b(‘Voming unscicweil.-linl il is well 
known tlial vihrati.o.i may cause iinsciewmg to take place 
slowly m S])ife ol this Iriclion, and in some cases ii 
necessary lo use a lock-nut, or some other devici . to 
prevent it. 

In using a screw it is practically always fiirped by.some 
form of lever handle, as in the ordinav, spanner used 
in tightening a nut amt bolt, and in tire handle of a vice 
i^scTOW' press. In such cases.^he length ofdhis handle 
nmsi ho takin into account in estimating Uie mfehamcal 
advantage. The simplest plan is lo substilnie the cir¬ 
cumference of the circle descnlieil by Ihi' end of the handle 
for the ciicuinlercnce ol llie cylinder in the Jormtila 
inevioiisly given, sime this circle gives the distance 
through which the ])ower moves. 

The fnrmla thmi beci;tn(“j : 

Mecti.iDKMl advAiUAj^e of) . uri ictiiffuTH i* df cirolf df'-ci ilx'd 1)\ li.iiidh' 
scicw .imlli'vvi iKin.;;,. I p cli of 

t 

Example :— 

In a screw-jack the pilch oLlhe screw— ^ men, me lengui 01 me 
handle is 14 indies, hind tlie power necessary lo raise i ton. _ 

(orcuniference of < irfle described by luiniilo - 28 x 4! - hS mcnes. 

Ifcnce mechanical advamajjc =-X8 :-i = X8 x j' ■ 176. j 

Therefore power iccjuiicd -, 1,., of the wcighl- of 2240 lbs. 

= .2,S11«, 

This is purely a fhcoret'cal rcsul,^, for fti the'’case of 
a Screw, oiving to the great piessure k'lween the threads 
of the *;rew ijncl the nut, there is*great friction, and hence 
the efficiency is small; la power roiftidcrahly larger' 
than the theoretical vshic wilt b^' Jiecessarj’. * 



8o 


VORKSHOP SCIENCE 


It witj be a useful exeieise' f|ir (he slifdcut to ijctermipe 
the eltieieurv of a screw by aetual experiment, as in the 
case of tlte ))^^'ey. ‘ 

.A' .nall seu'W-iack carrying a Heavy weiglit (say, 56 lbs.) 
may be useit. I^he .uower being ap^ilied tlirougb a spring 
balance altaciied (o the handle, •the ])ull being ^continued 
until the screw moves steadily. Calf, must be taken to 
ffei*!) the (Urectioii of |iull at light angles to the handle. 


SUMM.-MCY. 

in 1110 ineimen pUuie :- 

.Mochanid.il a(ivaiiui'.;c.- of dopi.^ 

, ‘ vertiral use 

A graf'.ieut of I in loo means tint the length ol slope is 
100 times (he rise. 

,, , r , , . e , lenL''lli «>( wcdiic 

M<-(hrniira! advantage of ucdyf— , ; . 

widlh ol liaclc 

, r (ircinnfciciu.e 

Mecliaiiical advantas*e (*t .screw - 

])Uc!i 

• 

One tiiin ol .serew givus trad.-l ecpia! to pitch. 

Mecliaiiical ads'. nl.i"e of combinaiion J _’it X length of hanrlle 
of screw andi'.evcr handle j pilch 


Exkkcisrs. 


1. Neglecting frietiou, what pull must an engine exert 

on a tr^in weighing 200 tons on a'sloi)*. of i in 150 ? *' 

2. With a gradient dl I in 80, how many feet will a 
railway line risilhn a mile ? 

y A mierony^ar strew h*B a pitch of J.- inch. How far 
w'ill It Hraver aion^, its axis when turned through l'8l 


VQl^ons ?•' 

Abscrew-jatik is woilctl with a handle 3, feet ling afcc 
tch of tlic'screw is ; ineh! What total pressure wil 
be exerted when a uuli.oi 4(5 lbs. is.ain)Ued to the handle,! 
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^5- A hnvinf* lO tIuc'iME to thi- inch is luini'd with a 
sj).inncr 8 iniiics loiif;. What is the mrdianii'al .uK .ullage ? 

I'hAI TICAl I,XI' l;( ISKs, 

1. If a moih’I iiuliiH'i'rijjaiu' is availal'Te, #1^ tin- n ialion 
between j^nver anil^l^jail ami between length ami vertical 
rise of the plane lor various giailienis. • ^ ,,, 

In order to l>.irlly neuliatise file eflert ol Irielion, fnnl 
fir?f the weight winch will just laise the load sU>"*lily, 
Iben the weigh! wliicli will just lei it run down sti';idily, 
and lake llii- mean, * 

g. ^Jeasnle the ])itcli of the screw ii^ a sciew-jaek and 
the leiigih ol its liaiidle ; su|iport a lieavv vj’eighi (say, 
^50 ujion and fey means 9l a cord .ittaclK^d to the 
;find of the handle, iiassing over a jmlley and can ying a 
scalc-paii, find what weight rs reiimred to turn the screw 
steadily. Calculate the theoretiial and aefnal inediaiiii’al* 
advant.ige ■ ;id hnd the efficiency. 

(Noxh.- -In order lo keep the cord pulling in the right 
dhedinn it may he altgdied to a griKived wooden d*-«* 
fastened to the handle.) 

3. Examine a niirronielei screw gauge, iiole the pitch 
of the screw and the nnmher (4 divisions*on the heail; 
hence find the value ol each division, ami ii.se the instru¬ 
ment to liiid the thickness ol va"ions wires and plaffs, of 
metal or glas,s. 


CHApricR’X 

1’ARAht.EL POKCES-ClSNTRE Kk'.‘ r.RAV'ITV 

Suppose we have a h'^in 3 yards lonj^ reslisg upon sup¬ 
ports at>A and B, and carrying a kmd of 3 cwls. at a distance 
ol I yard from A ; and for ti^ie preseni let*us consider the' 
beam as liaving no weight. . The downward ifUll of- the 
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weight i,s bahvneed by the upwiyd prcssarcs or rociftions, ,as 
they are called, of the supports at A and B. It should be 
A < ' j cleat that as the three 



4C 

B forces are all acting 



w 

'6,. . 1 

> ♦ ' 

^ vertically they must 
' be ]iaiallel to each 
'fother, and the sum 

1- 

V 


r of the two upward 

1 forces must be just 
|J equal to the down- 
( ward force. 

C=_ 

‘j_ 1 _ 


II the load were 
placed halt-wf.y be¬ 
tween A and B the 


weight wiuld clearly be ilivided equally between the two 
supjxnts ; bul as it is arranged nearer to A it seems prob¬ 
able thtil A will have, to bear the greater part of the load ; 
let Us rjiiw consider how il will be distributed. 

The beam'rnay be compaied with a lever, each sujiport 
in tnm being ronsidered as the fixed fulcrum. Thus, if A 
considered as the fulcrum, C will be the weight, and the 
power will be represented by the upward pressure at B. 
'flie tendency of the force at C will be to turn the beam 
clockwise, force the end B downward. The moment 
of this lorct' about A will be .1 x i = 3 cwt. yard units. 

This tendency must be nsisted by an i>qiial anti-clock¬ 
wise moment, due to the upward jircssiirc at B. 

Let this upward force be P,. Then''he moment of this 
Jorce about A will be Pp c 3 = 3 Iq cwt. yard units. But as 
the moments ani equal we hav'c 
.3 Fi- 3 - 

Hence P, ■■= i cwt. 

Now let uf regard B as the fixed fulcrum and the re¬ 
action at .4 as the force ‘ojiposing the weight at The 
'moment of the kirre at C abqjit'B will be 
3 X 2 = f) cwt. yard units. 
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^ If thc,rcaclion at A = P„ji 1 s moment alwut R -l’oX3 = 3 
Tj cwt. yard units. Hence 3 6 and = 2 cwts. 

Thii.s tlie Reactions at A :Vd B are *2\\jlV and I cwt. 
rcsirectivi'ly, and tin- siini of these forces is c^quaU .0 Ulo 
weight (i, vk. 3 cwts. Again, it will l^' nol#-ed that B is 
twice as lar away from’Oas A is, and thaf (i hears half as 
much of file weighl»»s A. In this case it apjx-ars that the 
weights borne hy A and B aie inversely propTii tionaf lO 
tljeir di.stances horn C, and e.\|)erii{ient will show that this 
is a general nile, when a single loail is distributed between 
trvo suj)])orls. , , ' 

Experiments ol this kind are leadily luaiV by suspending 
a wooden lod with a sp’ing balance at’each end (as shown 
in the figuri'), la king care that both balances ha»g vertically, 
so that they pull in par.illel directions ; a weightf to repie- 
sent the load, can be hung by string from any jiarl ol (he 
rod. II the readings ol the balances be Jaken betor^ 
attaching the weight, allowance can be made ,4or Mie 
weight Ol bie nd by deduction Irom the ffnal readings. 
The sludeni should make a senes of ex|)eriments with the 
weight in various positiitlis^long the beam. 

The results may be rc ordcd as lollows ;— 


(Ra denotes the re.trlion at A, .and Re the rftu'tion at It.) 



dhe wooden rod which/epresent^it jn the ^periflicnt. • 
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If the, beam be of unifonin, thickncsfi and deijsity its 
weight will ck’arly ho eqnally divided between the two 
supports,'amf\"at'h‘ will beai/one hall of its'weight. In 
the Sc ■mple given at the beginning of the cliajiter, if we 
imagine the vtei^ht.of the beam itsell to be i (‘,ivt. we shall 
sim|)ly have t^ add .J cwt. to thcr anioiiiits already calcu¬ 
lated a-.i the reactions at A and K rcs)Vftively. i'he effect 
^ the bea'm is in fact exactly the same, as if its whole 
weight were concentratgd at the middle. 

If we liave sevoial loads m different positions on the 
same djeam jve can very easily find the total effect by 
taking the inon>"nt ol each load separately, abonl one end 
„ ' * ^1'^' beam} and' 

adding the r esults 
together; the total 
will be eipial to the 
nioiiienl of the force 
of reaction; and, 
knowing the distance 
at which It acts, we can fiii!l the value ol the force. 

Exiunpk ;- 

Suppose a lipbii 5 vardb long and vveigliinp i cwt. to cany 
weights of 1,3, 4, and .1 < wls. at equal distances ot i yard as shown 
in tlic'iigiiie. 

To find tlie leaclion al H, lake inonienls about A. 

Wciglu ^o. 1,^ cwl. at 1 yd. tleine iiioiVient - i » wt. yd. uTiits 

„ No. 2= 3 cwt. al 2 yds. 11eifce inomeiu - 6 „ „ 

„ No. 3— t^wt. at 3 j'ds. Hence inonicnt--i2 „ „ 

5, No. 4^2 ywp at 4 yds., Hence inomeni — 8 „ „ 

lieain=,: cwt. at .J yds. Hence momenta 2?. „ „ 

Thcrefoi'c total tlmkwise moment about A = 2y.l cwt. yds. 

Thus the anti-rrockn'ise moment produced by the reaction at B 
must also be 20?. art. yards. 
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m Let tlfe reaction'l)e R, its»dist'iiice-- 5 yds. Hence moment^ 
-5xR. ' 

'rfieiefort 5 x K — 29JI 

ami R — = 5-9 cwtb. 

'ilio ri-.niion aUllii-' mil A is lound by a‘uicipi)i'ting 
that tbo sum ol tlic ri'aclions al A and P> mns*l cqnal, i’.o 
total weight. ^ 

The Unal wei};ht = l + 3 + 4-l-2 + i= 10-5 cwt. 

K^attion at li-■ 5-9 ewl. 

Hence icaetion at A-- 4*fi cwt. 

« 2_ 

'’’’giC student should verily t'jis method of working by 
exporitnenls witfi the wooden rod and sin'in^ balances, 
using sei'cral weights. 


Centre of Pak.vii.el Forces. 

So tar we have Ihs'ii considering the distribution of 


Weight between (wo 
possible to find a 
position in which a 
single support will 
maintain a body 
without its having 
a^ tendency to turn 
round. Thus if wa- 
imagine a weight¬ 
less rod AB witli 
weights of I lb. and 
2 lbs. at the ends, 
the total downward 


|)oin*s ol ,j.tipport ; but it is also 












i'le.. 4.S-. 


force 'will bw 3 lbs. This can be ba^inced by an upwai^ 
force of 3 lbs.; but if we tijiply this upward [orcc at the 
middle of the rod (say, by hanging it by the^ middle from a 
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spring balance), the greater forc/i at A wnl cause the rod tc 
swing round ^as indicated ‘oy the curved arrows, because 
the moment about C ol th(/ force, at A will exceed the 
meniSTit of .the force at B. But if we remove the point of 
su])port to a jV'hpt of the length of fhe rod froih A and J of 
its length froid B, tlien the momen'i about C of thn foices at 
aiuC B will be equal, and, since tliVy tend to turn the 
rod' in o[>posUc directions, they will neutrahse each other, 
and Hie rod will have iw tendency to swing rounil. Thus 
a single upward force of 3 lbs. al C will balance or be in 
equilihriuni with the^two downward lorees of 2 Hb. at A 
and I lb. at P). 'II is 1 lear that a single downward force of 
3 lbs. at C would a/so bo in equilibrium willi an upward 
force ol 3 lbs., and thus tin: single 3 lb. downward (orcj^StC 
has the sSme effed as the two lorees at A aiul B. A single 
lorcc wliicli, in this way, has the same eflcct as two 
Qr more separate forces acting together is called the 
reshltatRt ol, those forces. Thus the dnxenward force of 
3 lbs. aefing at C is the resultant of a 2-lb. force at A plus 
a i-lh. force al B. The npxmrd force at C which balances 
the forces al A and P> i^ thu.s« equal and ojiposite to the 
icsultant and acts Irom the same point. It should be 
..noted that the [wo forces A and B are parallel forces, and 
the point C frtm which the resultant of these forces acts 
Ls soivetimes spoken of as<the “centre” of the parallel 
forces. 

centre of action and resultant could be found for any 
number of ])arallel forces. , 

* The student may ti-y*’the experiment of suspending a 
wooden lod from a spring balance By'means of a kind of 
stirrup of wire, alid after hanging two or more weights 
from the rod, finding by trial the position of the stirrup 
about whuh the loa'ded rod will balance. He should then 
^nd the moments op both sides of the poiat of support 
and convince himself that the two sets of moments are; 
equal. 
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Centre*of Gravity. 

Any bi)<ly*may l;o imagiinV tt) bo iiiar^ yp o(*innuiTier- 
ablc paiTides, each atiracted by the eartli, apd Ij.aS its 
weight may Ix^ considered as made.up ijf a scries of 
parallel fi^rcos reprcsentetl by the weights of^he individual 
particles. It shouli^ be jxissiblc to find a 
result.ant and centre ot action of all the.se 
pgrallel loices, and to balance tliis.resultant 
by aiictpud and o|)posile lorce acting at the 
same jxiint. It we snsjieml. the body from , 
such a p'-.rl it will have no tendency Fie. 46. 

swing* round in whatever position 'it is 
placeil. This point is called the Centre gravity; 
whiel? may tbiTetore be defined as the centre«it action 
of the jiarallel forces representing the weights of different 
parts ol tilt body, or more simply as thai point froin 
which, if the body be susjx'nded, it will remain ecinili- 
briuin in any jusition wilbout any tendency to swing 
round or topide over. 

To Find the Centre or Gravity.— In the case of a 
regular symnietricid solid it is generally easy to see where 
the centre of gravity will be, for a point»c-in be found 
such that every ])article on .one side of that pmnt is 
balanced by a corresponding and equidistant particle on 
the other side. Thus the centre ol gravity of a sphere 
dr%all is evidenfly'at its centre. The centie of'gravity 
of a flat circular body or disc‘is at the centre of tha 
lircle; that ol a square or rectangle at the point where 
the diagonals intersect, and s» on. Th ■ centre of gravtity 
of a ring would be at the centre pf the ^ing, hnd this 
illustrates the fact that the centre o^^ravity need not be 
in the iiclual.body itself. * ^ 

In the case of a flat irrtigu^lar body (say, a piece of cai'd 
or tinplate) the centfe of gmv^ty, may |je foifhd experi- 
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• The cfacstion of stabilityjdojjends on the jiositiw of the 
centre of gravity with regard Yo the bjjso |in wliidi the 
object stainfi. If a s]ight c»s|laceincnt cq|uses the, centre 
of gravity to rise, then the iiody will tend U) hvh,back 
to its oiiginfd position; but if it be disiilgcAl so far tliat 
a verlicailine irom the feiitre of gravity l/lls outside the 


liniils of the sup- 
l>ortingl>ase, then 
iU will fall over 
iiiio a new posi¬ 
tion. 

Thus, 1, AGUE 
represents one 
face ,pl a cube, 
a slight displace 
mont as in 1. will 
not cause it to 



Fli,, 48. 




fall over; it will ratber lend to fall back ijp ti. flie side 
AB. But .1 greatei displacement, as in IL, which brings 
the vertical line CP beyond B will cause it to fall over qp ^ 
to another side BI). * j ^ 

If the centre of gra\ ily be high up, the body becomeSf*’ 
toj)-heavy and will more readily fa'l ovej. Thus a carU 


carrying a big load of hay, or an omnibus*crowded with 
people on the top, will be imre easily overtnrnerUion an 


uneven road than an empty vehicle. 

To secure stability in a body the weight sl^ouhLbe— 
arnihged as low down as jiossible. 

Thus, if the face AB in the ^ibove cube be w'eightei? 
with sheet lead so its’to bring the centre of gravity down 
to C.', then since the line C'P*does not fall beyond B the 
cube will not overbalance in the powtion sliown*but will 


tend to fall back on to the face AB. 
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1. I2istnbu(iiin ol weight ol loaUed beam is found by 
taking mom.juts about each iwiint of sui)j)ort iji turn. 

2. With a^s'mgfe load it is i’iv’uhal between the two 
supjiojis inversely as their distances 

*'• j. 'I lie le.sultant of a number of jiarallel loues is eiiual 
to their sum (or ditterenee if in o])posite directions), and 
acts'M'oin a li.\ed point called the • centre” of the paraflel 
forceii 

t • 

4. The centre of'gravity ol a body is the centre of 
action of the parallel forces, due to the weights pf the 
particles ol .the body. 

3. Wl4;n a body is freely suspended it hangs stTthat 
the centre ol gravity falls vertically below the point of 
su]>i)ort. 

fj. I^hung from the centre ol gravity, it hangs'Sn' 
differently itf any position. 

7. The stability ol a body depends on the position of 
*l»...centre of gravity in relation t«' its base of .supjiort. 

, 8. The lower the cefdre 01 gravity the greater the 
stability. 

Exercises. 

I. A beam 15 feel long, and weighing .1 cwt., carries 
ajoad of 2 cwts. 5 feet from one end. Find the reactions 
on'the Supports t.ituated at the ends oFthe beam. 

« 2. If the above beam carries ah additional load of x cwt 
5 feet from the other end, what will thn reactions then be ? 

J. A weightless, rod 3 feet long cames a weight'of 

lb. at the’- end 4, and one of 3I lbs. at the end B. ^ 

Find the distance of the centre of gravity from A. ? 

4. Vdiow by diagrams' the position of Ijie ce^.tre of, 
^avity of a Skpiafe, a rectangle, a circle, a ring, 
cylinder. 
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I’liACTICAl, jEj^EKCISES. 

1. ] 5 y miAins of a wooden rod and SjjrinR Ixdanc;^ ma^c 
oxperinu‘nls.()n parall('l forces as descnbod in^ic diajiter. 

2. Attach unequal weTgiits to the ends oi*/wooden rod, 
and find the point »)• support about which it w'llUbaJancc. 
Do your results agree with the law ol nionicnts f • 

Determine the centies of gravity of various regular 
anil irregular jiieecs of cardboard or sheet metsi'"by 
-'uspending from various points, and using a jjjumb-liiie to 
draw veitiral lines from the jwints ot Sup])i.^t. 

4. lietermine. the limiting angle of stability of a W'oodeu 
block. ((/) alone, [h) when weighted at the l»ttom with 
sheet 'lead, (c) when w'eighteil at flie to]> withshe,'>( lead. 


CHAPTER NI 

PARALLELOdKAM .\N1) TRIANOl.E OK KOKCES_. 

The figure represents a river 4 lurlongs {i.e. ’ mile)' 
wide. Lot us supfioso that a boatman starts from A, and 
rows as if going straight • 

across to B at such a rate • b 
that, if there were no, 
current, he would reach 
’TTtf 10 minutes. 'l^Iow,, 
let us imagine that the 
current is flowing ill •the 
direction of the arrow at 
the rate of 3 furlongs in 
10 minutes, so that if the 
.boat hill been allowed to 
drift it would in the 10 nimu'^es have reached the point C, 
|i,, fwlongs down stream ; it is neasonablerto suppose ‘that 
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the fomhfncd action of the r(»vinfr and tlic stredm would 
be to hrinf^idie jioat in iji i^dniitcs to a point 1), opposite 
to C. At' tlic^ end o( 5 'iiiAntes tjie boat would be half- 
way.:» ;o.i- and also hall-w.iy down between the lines AB" 
and CJ), vi/i^t tke jioint O. Injaet, it is nfil difficult to 
sec that at avy time the boat wliuld be soniewUere on the 
line AD.’jvhich tonus the diagonal of the figure AT), which 
lide, therefore, represents the actual course ot the boat.^ 

'£hus, it ajijiears that the coiiibincd effect ol the kwo 
motions, viz. the motion in the direction AB jirodiiced by 
the fowiug,»and that in tin'uiiectiou AC cairsed by the 
stream, has hw-n motion in the dirciiion of the diagonal 
ol the figure. Eurtia'r, the /c/igf/i ol this diagonal'(which 
hajijx'ns td be 5 furlongs) will re|uesenl the actual ilis- 
tance cifceri'd by the boat in 10 minutes, hence its actual 
velocity has been 5 furlon,gs tier 10 minutes. Thus, the 
diagonal in^licates both the velocity and the direction 
oCthe^ioticjp of the boat, this motion being the combined 
effect or resultant of the two motions |■el)resented by AB 
and AC. 

"vtgain, we may obseij'e tlut' t"he boat has been suWCT" 
to two /wers', viz. the force due to the lowing, urging it in 
the direcHon AB, and the force flue to the stream, urging 
it in the dirdtioii AC, the rcsnltanl of these two forces has 
been*! lorce driving it in tfie direction Al). 

Further, if we consider the force ol the rowing as being 
ct^ual (p 4 units (since it jirodiiccfl a velocity of 4 furlongs 
pel 10 niimifes). wo may regant the force of the stream as, 
being equal to j units ^since it would jirodiice a velocity 
4)^ and the resultant force as 5 iftifts (since it causes a 
resultant velocitv si. NoV, if the line AB be i inch 

1 Tins comlniialBtii irf two motions ran lie illuslrateil ex[>erimentally i)y 
placiflp a inarhlc in a glass tul." z or feet long, and 1)^ giving,^l)e lube a 
rddevvay.t inolion lyoss ft table, and, a^ lhe same time, inclining the tube* 
to make th^ marble roll along it^ydit* marble may be made to trace a 
diagonal line 
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» V , 

(j>. 4 qi^irtiT indies) long, \\\: may regard (he 4 yiiits of 
length as rejiresi’iiting (lie 4‘'iinik ol lorce / 

Similarly, AC, hein.g j qua-Mets ol an huh-’'long would 
.represent the 3 units ol* lorce in the direclioli A C an d AD, 
5 quarter iiii;hes long would indicate a lone if 5 mill’s in 
the direclion AD. •* f 

Thus W!‘ may regHi’d llie lines Alt and^AC j(loi;ming 


two sides ol the paiallelograiii) as lepiesenling the (vvo 

forces acting on the boat both in JirccHon and in 

(/.!’. sliengih), and the line AD (lorniing the diagonal'of 


the parallelogiam) as siinilarjy lepreseiiting the resultant 
lorce hot'! in direclion and niagniliidc.* 

]-et (US now see whether a siinilai codstruction will give 


us a gr.qihic nqire 
senlal'fcn ol tvio 
forces, whose resul¬ 
tant Is balanced or 
held in equilibrium 
by a third Ion so 
that no motion is 
produced. 

The hgiire rejire- 
•scnts two weights ol 
2 lbs. and 3 lbs. 
attached lo cords 
passing over pulleys 
so that they pull in 
ittMi^ln'ectioiis AH< 
and AC on I he knot 
A, These two forces. 
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are balanced by a third loifc ol 4 lbs. acting verti¬ 
cally downwards. But since 4 lbs. aeting downwards 
would just balance a force of 4 Ibs.’ricting, uiiwards, it 
follows4hat the rombined effect f»f the torces of 2 Ihsf and 
3 Ihs. acting obliquely imwl be just tlfe siKiie as that of # 
single force of 4 lbs. acting vVirtieally upwards, hence, this 
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4 lbs.'apwiird lorco is llio 'rosultant of Ihn twf oblique 
forces. Now in (be figiirc/.i i)aiTiHelogram ABCD has been 
constnici^ed^n sfjch a wav l^iit (he sides AH*(2 units long) 
and AC ^5 i!nils long) rejirescnt' the oblique forces in« 
magnitude tnd djrection, and it will be sqen that the 
diagonal, wl\;fi is 4 units long *nd which is vertical, just 
reprejenls'the upward resultant boiV in magiutiide and 
direction.* It should bi' pointed out, and pioved by actual 
trial, that it we disjilaee the knot A it will always return 
to'Tlyj same position, if the pulleys move freely enough, 
because on|v in this position will the direction of the 
oblique forces be suifh as to give a resultant in equilibrium 
W'ifh the downwarrt jnill ol the 4 llis. weight. 

We can ijow formulate the following inqKirtant law:— 

The Parallelogram of Forces. 

If (wo tones, acting at the same point on a 
bflKy. bt nquesented, in magnitude and direetjon, by 
two neighbouring sides ol a parallelogram, then the 
resultant of these lorres will bo re])resented, in 
magnitude and difectioif, liy that diagonal of tEe 
parallelogram, which passes through the ])oint at 
whuh the, forces are ajijihed. 

0 

Tin’s law' should be carefully distinguished irom the law' 
ol p,ai’allcl forces, reterretf to in the last chapter. The 
resultant of any number of parallel forces is erpial to theii 
suTn (iSiless acting in opposite direclsons, when it i*,»li4»: 
.difference). In the parvilclogrcfm law we are dealing witb 
forces wtiicli are not parallel, and thp fesultant is not equal 
todlic sum of the two force*,; thus in the last example the 
forces of 2 any 3 lbs. have a resultant equal to 4 (not 5) lbs 

The parallelograifi law can be ajiplied in two ways. 

(a)' Wc may suppose «two forces to be combiK^d and 
teplaccd by tluvr r&ultant. This is called the composi- 
tiotii of iorces. 
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^ (b) 'Wfi may regard a singH; force as being the resultant 
of two foices acting tn ccilai)' directions, and’we may 
suppose the-* single force t<?, I/’ replaced b'i' tliese two 
,component forces. Tliis is called the 'resolution of 
forces. , 

A goixl ('Sample of K''’e)lntion of forces 'i‘- afforde.d by’ 
the inch tied idaii'i.-. 

Thus, snjipose a 
; weight «, of j 11)., to 
rest plane, whose 
{'racist is i in a, so 
that AC'is In ice BC. 

Let,, the vertical 
dotted line -w rejn'c- 

sent iVf direction the _ 

force due to the 
weight II, and lot it 
be, say, i inch long 
to re])rc,ent the 
weight of I lb. 

We may imagine this singde fo-ce to be made up ol two' 
components, one acting in the dire’etion enf, and tending to,^ 
carry the weight directly down the incline; and the other 
acting in the. direction iib, at righl angles to*liie face of the" 
incline, which latter force is directly balanced bj) the 
reaction or resistance of the plane itself. Now, fiaving 
decided on the directions of ad and ah, let us arrange their . 
imgtbs so that thej'form a parallelogram of whiili uc'is 
the diagonal. This is easily doncjby drawing lines cd and> 
cb parallel to ad atuLufi until the lines mect._ 

As ac has licen made i unit 'png to represimt the weigiit 
' o| I lb., the lengths of ad and ab wilbindicate the ’ 
magnitudes of the com])onent fonxs.f But .clearly cb is 
just asfclong jis ad. thus we can take the sides of the 
triangle abc as representing the rclativ? magnitudes of thd* 
three forces. It can easily fee shpwn by. glfeonletry -that 





nVOKKSHOl? SCIENCE 

this sifi^ijl triangk' ahc is nxhrlly similar in shapo to the 
triangle XBC (although tyniefl into a different position^, 
and heiK^e tito relation ol /(ft fo M will be just the same as 
that (it tl') (ft i\C, i.e. (ft will be'just half of ac. This, 
meal's that ^he jiower tequired to draw the .'oad up the 
incline is f t\‘*iveiglit, i,c. the mci'hanieal adv’antage is a; 
whielj isi prel'isely the same restiK, .as we obtained in 
clijiiiter ix. by the a])]>lication of the ])nncii)le ol eijual 
work. 

Tlje Triangle of Fore,es.— The student will have 
observed that m the last example we made use ol the 

triangle ahc instead <i| the 
whole parallelogiam. It is 
easy, in fact, to olffain a 
very uselul modification of 
the |iarallelogramla\v. Thus 
if A]> and AC repre'eiit two 
forces and AD their resul¬ 
tant, then if wc reverse AD 
^timiing it into AE, we shall 
liavo three forces in equili¬ 
brium ; and since BD is 
e(]ual and jiarallel to AC it 
follows tiiat the three sides 
jiaiallel to the diieetions of 
the three forces in equtiibrium,*and their lengths will be 
prhporTioiial to tiie magnitudes of tha^Jorces. 

I We must be careful J-o note'in which direction along 
each line the force arts. In the scpa,ratc triangle iiftc the 
sides aie numbered to corri^jiond with the forces and the 
.'lirectiocis art> indicated by arrows. It will lie seen that 
these directiqns are.Jiillowed by going round the sides of the 
triarfgle in order and in tie simie direciion. 

Thus we niaystai’i- the following law:— 

Any Ihfee roices acting^ at a point, which are in cquili- 



of tli^ triangle ABI) will fie 





I'riiim, bp rpprpsciitpd ii, nuitjuitiul" :inil rliu^Kin by 
liiP Ihrcp sides ol s ('ikeii in older, fl.fisi' sides 

boinj; p.'ir,iliiJ (o llie direclioils <'f (lie tlnf.e lofres 
Tile law may be inHilv \eiflied by aJla.-iuiig three' 


spring b.ilai^rcs by means 
stretching lleni to thici* , 

ol ^ti injf-. In ;i 

• 

■fo'w^.ij kjfo*an(. 

• 

nails aiAingcd o|i, a 
board. The baliimes in¬ 



dicate the inagnitiules 



of the tiller lorees, anil 


the (llleitions ol the 

• 

I 

strings may be tiaced 
on to a |)iece ol ]Ki|iei. 

li will be obsfi veil llial 
altlioipli l!n srl.-s ol 

• 

• • 

• ^ 

_ 

the inuigle .lie parallel 

I'U 

• 


to (lie lliiee tolees, they 

ill! not, as 111 the |)aiallelogiaiii law, pass •thronj^i the* 
same pmi as ‘he tuiees themselves do. i'( 4 ' this reason 
it is very olfyii (oiiwiiieiit to diaw two diagrams, one 
a stnieluie dia.graiii, leyresentiiig (he disposition of Jhc 
forces, and the other tlic tifangie*wlio.se snies are parallel 
to the fori'cs. 

This law has most iinportaiu application* in calculating* 
the forces which come into play in siu li Structures as 
bridges, lool-trusses, and built-tip slrtieliius general^. 

Let us examine two simple apiilications. 

^iie Jib Crane. —Suppose 1 '^ represents the jib and^ 
fR the jil>-lie ol a crane, wincli is siijiporting a load W. 
A little reflection will show that the efiect cfl W will be,to 
exert a pull in I’K and a juisli or thrust in an;l conse- ■ 
cjbently the jib will react with a fxish towards P and 
the tie will react with a pull towards K, as'indicatvl by 
the arrows, afld the Ihrccjorces will Re in equilibrium. If 
we construel the triangle Al^C wdth sides parallel to the 
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tlm-c AH of'sucli leiistli that it re,)rcsenls 

thf weif^I'l, tlic u1 ‘AC will mdicalc the pull or 

tension on the tic, 
and till' length of 
BC \Kill give the 
J)u^ll or thrust 
on llir jlh. The 
accuracy ol the 
I'Niihs may Ihc 
tested ex|)en. 
m entail y hy 
means ol a model 
crane, the pull 
in I he tie being 
measuied ^ny an 
ordmaiy spiuig iMlaiice, and the Ihiusl in the pb by a 
special loim ol balance toi measuring a push. 

' « 

A Simple Roof-truss. -Eel ABC repiesent a moilel 
truss, AB and AC being the ju iiicipal; 8 il tens and BC a tie-rod. 





-'/C 


a 



‘Su|rpose a weight o( i cwt. to be hung at A. This weight 
will'be eijually^iiividcd between the two walls at B andC. 
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Hono' tnc re.icHon w' iipw^ird ^iinc at 15 will b;-’^56 lbs. 
The other fniTes at B will b(^ the thrust ,.)f tlje beam AB 
and the imll’ot liie tie-rod B(», ijiiil these Ihree l«rces are, 
■ in equilibrium, lienee we may eoiislruel llie «f 

forces tiM, ftiakujtt mt oj siiOi length a*, to A present the. 

cvvi. iq^wtird loree at 15. 'J'hen the length of bd will 
indicate the pull oii^fle lie, and the length ol*((i'*tlfo fbiust 
on the beam. 15y iiitrodneing ,i spiiiig balance in tiji 4ie 
oi^ the model the above result iiiav,be verified bv e.vperi- 
iiient. 

Sl’M>f\liY. 

I. PtnaUiiofiraiii Iwc suits VI a'parallelogram 

repiesent two lont.-,, Iheihago'ial lepresenls the resultant 
ill luagailiiile .liul diiei lion, 

Kesohilioii ol lorees ; Kepku ing the resultant by its 
compoileiit^. 

Coiiipiisilion ol lord's - Re|ilacing two ttfrees l|j’ tjie 
resiillaib. 

,5. Triimi^li' of /-'o/cev -Three forces m eqiiilthrtiim re¬ 
presented by Ihri'e suit's oJ Inangle in order. 


ExiiHCISkS. 

1. Fititl (ii) by drawing, and (i) fiy calciil.*lioii, the re¬ 
sultant ol two forces ol ig Ibs.^ind i() llis. acting upright 
angles to each otlier. 

2. Draw a force diagram for a jib crane, the jib beijg«, 
irfci'fiu^l at an anele tft fio" with the .ground and the jib-tic 
making an antde of .jif' v.'illi lii" |i(). .Sujijiosing a weight 
ot ,50 Ills. Iniiig Iromlke jib, liiid the juill ob the tic and 
the comjiression of the jib, 

;5 Draw a iliagram oi a sinijilc rtvjl-trus.'f, the'ratters 
being inclined at .in angle of 30“ with the* horizontal 
Supjiosisg a \^ighl ol 2 ewts. s^l^|leln^:tt from the ridge,, 
find the reaction at each \^all_ of siijiirort atid the jiull in 
the tie-rcnl. 
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4. rtj^w a diagram io^ illyslrato tho actual (iliroctigu 
taken bya 'j'oat ;ivged slraighl across stream at 4 mites per 
hour, supposing a current ot 2 mites per liout to act on it. 
hi wlwrt^lirection sliould the boat be urged in order to,. 
travel slrail^ht^aciyiss stream 

Pk ACTic.Ai, Ex r nc.isiis. 

T. Test the truth ol the paiallelogratn law, by using 
teTO iveights slung over good brass or atuiiiinuim pulltys 
with a third weight hanging !nim the. cord between the 
]iulleys. Vary theoizo of the third weight, and note the! 
effect on the shajk of the jiarallclograra. 

2. Verify the same law by using a heavy weight slunjj, 
Ironi twp spring b.ilancts suspended fioiii .separa^^Kiks. 
Unless a fairly heavy weight is used, the weight ol t^^’i'ing 
balances interferes with the aeeuraev ol the lesult, 

^tbieli three sjirmg balances to three strings tied to a 
common rife;. Stieleli the balances to Ihiee nails in a 
horizont.il board, note the inill on eadi and the angles 
bo'w'een the strings, and hence verify the law of the 
triangle of forces. 


CHAPTER Xll 

KLTMI) I’RES.SURE 

Liquids Transmit Pressure in‘all Direotio»«*i*n 

diapler i. it has been fointi-d 'out (hat the particles of a 
liquid are free to move in all directions. It follows from 
this that if pressure be u{cited, in any direction, upon i 
confined mass of liquid, it may relieve itself by moving 
in any otlior direction. Thus, if we. have a vc.sscl full of; 
water, and with 4 number of movable ]ilugs or pistons^ 
A, B. C, 1 ); then, if we exert S downward jircssure on thfe 
piston A', the liquid will ir/to escape by pushing the piston* 
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M (Jown^/anls, hut it will aUo tho piston C ^'/cwaj’S, 
and the piston n iipwaufs^ and, kii tlj'r, i^ will oxort 
pressure m ’all these direclMin' at one ami liie sainf' 
'time. ‘ * • 

This maf be iHustralea'”hy takins, a vr,sel ttifl of 
water, lujil [iioviik'il w'iHi a number ol *inall lioles in 




different places. If we»exoii. pressure on the watot by 
means of a |>islon, il will be loflnd that the W'ate r wii^, 
escape forcibly a1 .dl Ihe holes, showiiif^ that the pressure 
of tho li<|nid causes it to jnish in all diredifn^s against thcT 
walls of the vessel. 

Pressure Proportional to Area. —We have seen 
.‘.."jf « liquid can cxfl't pre.s.suro upon a number of ^isfbns 
at the same time. If tlieSe pistoi^s be equal m area, and ifi 
we connect two of tlaain tc gether, the pressure on the two 
will be double the pressure or» the single piston. If the' 
tjvn piston-s be replaced by a single on.-, of d»ub!e the area,' 
the pressiue will still be double, and’tsiniilajly, it follows 
tlrat if eye fur|her enlarge the are« of ^he piston, the‘pres¬ 
sure upon it will inercase'in the same projMirtion. * 

TTiis fact could be proved Hry hqving a,sfliair pisten, b, 
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and a one, a, altacliyd (o the same vessel, R, full qf 

watei ; a,sn|\ll weight, it, .arl^hi^' n])on h would be found to 
balance a larg(U' weight, f,^.'})it'ssing upon a, and, if the areas 
' of a and h wire measured, it would be 
, found thill the wi'igbf c was as many 
tunes gieatef' than d as the a^iea of a is 
greater than the Ptea ol h. The above 
aiiangement is clearly capable of 
giving us incieaseil ]iower. 01, m otlyir 
words, it forms a machine with a me¬ 
chanical i.dvantago. Thus, il the dia- 
'meter ol a is twice that ol h, then the 
' aica ol a will be lour limes thsl of h, 
and a weight of 1 lb. placed at d 
will sustain a weight of 4 lbs. at r. i.e. the mecTianical 
advantage is 4. II d pushes h downwards, (hen a will be 
,lorced apd will raise c. Sii))pose b to fall 1 fool, so that 
d rfoe^i foot-jiouiid of work ; then a will only be raised J 
foot, for the water pushed out ol i’s cylinder will only rise 
oni'-quarter as far m n’s cylinder, since the latter has four 
times the area ol cross sectmij '"Tlius, the 4-lb. weight c 
.'Vill only rise ] fool, the work done on it wall therefore be 
4xJ = i loot-])ound, so that heie also, as in the rase of 
previous mac.hincs. the princii>le of equal work a])plies. 

Since the ])iessuie ot a liquid is pro]-)ortional to the area 
on which it acts, such pressuresqire stated at so much per 
^unit of area ; rg. we may .qieak of a ]ire^sure of 10 lbs. 

]ier square inch, or one of y tons per ill^uare foot, or 
•too grams per square o'litimelre. These are, of course, 
not equivalent, to each other. " ■ 


The'Hydti-aulic,Press. —The above method of multi¬ 
plying pressure is trpplied in many hydraulic machines in 
which great )iressiii e,is required; t-.g. the liramah or Hydrau¬ 
lic Press, the Hydraulic Lifting Jack, the Hydraulic Punch¬ 
ing Bear, &c, ‘ 'The diagi aip sdiows a fiydraulic press, partly 
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’T) soclK'n. l-ly means of a levej' liaii'lle |)ress\ii(‘ e-iexertecl 
on the phinsei' S, whieh h.is^oiilv a small dia^iiejer. This 
prcssuie is iTansniitled to fht plunger or lam /, .having a* 
' mueli huger diameter,'so that flic piessurf' is multijtl'ieil'' 
many tinws, A 
single sti.oke oi S 
would only laise 
by a very short ili.- 
tjnee,lienee valves' 
are jirovided, an<l, 
when S is raised, it 
draws in more water 
from i<he tank A, 
without allowing 
any waterio icturn 
from X; in this 
way t may be raised 
as lai as necessary 
by repealed strokes 
of S, 

To find the total nieebii^iea' advantage, we must iakc 
account both of the le.erage ol the handle, and also of tlyi. 
areas of the two p stons. 

Example :— 

Suppose the area of the siu;ill p.uiif;.. I u. u.. 1 umi, anu 

that of the lam 1 sipiare fool, and lliat the lever handle gives a 
vi.tMEh ^ical advantage'^o. 

Mei 1 aiiiral ailvanta^e 1 _ 1 fq. foot 144 
due to waterVfessuie 1 1 sq, im h I, 

Mechanical advaiitagrtdue to handle - 10. 

'I'otal lucchauiral .idvantage 14 j s 10 »I440. • 

• • 

Thus, ;i pressiiie ol I lb. on the handle woiJId i»rod.uce a 

pressure on the ram ol 1440 lbs. fvery nearly 13 cwts.). 

• • 

' The mode of aciion of pump-Hlves, is desenbeu iit charier xiy. 
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i 

Such^Tssc^ ail' niiicli >i,ya(.l /or comjircssing col’lon and 
oilier good'; ^'-ilo Jiales for ^lM(lllK■ut. 

, ' Hyilraiilir power is alsojustd in laii;i' enp'ineeriiif; works 
for OJicf^iJ^Uns where |)Oweilul, ste uly jnessure is required; 

in inmemiij^^, ruetinq, I lending;,,and ending;'non plates; 
also in lorniine eold-diawn lead pnies, d'e. 

„ ». « *i 

Pressure Caused by Weight of Liquid. -It is 

elixir that a liipiid nuiy e\eit piessnu' on aeeonnt ot ils 
own \vi’i;,dit. Tims, lor inslanci', il we have a 
(• cvlindei whose open'botloin is dosed wahr-tif;ht 
fCj hy l*slit ^^'ilale In) held in posilion hy a slinig, 
Kn and il we ]ila(e i Ih. ol w.iter in this, the'string 

UlO, woidd have lo lie pulled ii)i with a loree lib. 

“ fpliis Ihe weight ol fi). in order to resist the down- 
' ward pressnie ol Ihe water. It we now sink the 

cylinder in y largei ve.ssel ot water, until tin level out- 
sidt' li^equal^lo Ihe inside hwel. then we may release the 
string without the water having any teinleney to run 
out ol tlie ryliinler ; lienee tlie downward jiressure, on 
the •(date must he lialane^ed by,•'if equal u])thrust 
*,.■1 the water in the vessel. It slionld he oh ||1\ 
served that the amount ol this iqithiusi does j | j j 

not dejiend »''n tlie si/,e or sliape of (lie outer r" 

ve.ssel; thus, although it inyy contain much more 
than a pound ot water above ,0ie level of Ihe , 

4'late, its pressure on the lalter will not ex- - ; - 

cccd on'e jionnd. for, it we al tempt to pour any LsjJr 
•more water into the cyKnder, the pl.ite will he ^ 
at once pushed away. ' ' 

If now we ]nit a second found of watei in (fio cylinder,' 
’ it wifi fhl il 16 twice,.tlie lieight, and, in order to equalise 


tlie lever', wi? shall liave to plunge it twice as deep in the 
larger vessel. Wlien we have done so, the ])).ite wfil again 
be hel'l in posiVion by the qpthrast, and hence we con- 
^ JuiU! that at twice the dppfli (he pressure of the walwi 
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JO twice as peat. Thus l]ie {Jicssiire is ]iropor''mal to 
the depth, oi^head of watef, as it is ealied, Hut" does not 
otherwise de[)end on the ol w.iler. 

'clearly innhaslood thalvj-his |)U‘ssmv is 
solely due In tlie weiejil oT the h(|Mi«l, 
and that» as in pr'-vioii* c.ises, i( acts 
■equally in all directtoiis. 

Thai Ihc incsMire in a ni.iss ol liquid 
dtpends on the deplh, and thjil il 
acts equally 111 diden’ul direelioiis m.iy 
he deiiiousliated by takiuf’ Iwo sla.ss 
lulx'S, bent as shown, ,‘.ub 1 onlainl||ij^ 
some Tiieieu.'V, and jiluiipiif^ llieni side 
tiy side in a deejt vessel ol water. The dee]*er they go 
the larlhei will the inereiiry be pushed up by the jires- 

sure ol the water, and, 
although in 'iiu; ease thci 
pressure acts dow/t^atds 
and in the other case 
silk-ways, it will be ob- 
si^rved that the inerfury 
in both tubes will shon.* 
the same ij^lfercncc uj Imel^ 
on the two»sides ol the 
t liend. ^ 

1 Another experiment priwing lliat the. pressure ol water 
^lejaends simply on ^he depth and noi on the skqi*^ 
size (Tl the vess'-l consist-^ in " 

taking a seiies of difiereni 
tubes and vessels coTumuni- 
cating together, and hlling 
them up with water it will 
Ixi observed that the water 
finds the same level in all the tulics, icdwithstaiiding theij- 
differenccs in size and shap^^; this, of cour^, i^jeans that 
the pressure is the same at th« tase of iJiich tube, o'ther- 




I’m. ()2 
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wise water would dory towards the i>()int wfierc thp, 
pressure V'ai| lowest. 

t The f;)ct that water pre->vure iiiereas<'s wi'h the depth 
iipi-d IjeJiept'.n view hi *he eonst'iuetion o( dams, water 
tanks, dook'gates,,tlie pte.oest strenf;tli Jieiiif; neces- 
sary where tlie’distanre below the surtaee of the water is 
greakstv Thfts dams are always made<wider at the bottom 
(sue I'i.g. (T;,). 

Principle of Archimedes. We are now in 

a better ]i(j.siti(vn to undersKiml the laid, mentioned in 
chijfiter lii , that a solid when immersed 
in a hquid esperienees an upthmV, and 
therefore shows an a])]iarent loss ol weight. 
Tlie diag'iam iipresents, let us say,S centi¬ 
metre culx' ol a solid with its upper face 
1 eentimeti e below the sm lace of the water. 
The arrows show tlie directions of the 
water jiressure on dilfereiit faces. Clearly 
the pri'ssiires on the side faces will lialaiice 
anduieutralise each other. Tlij' pressure on the (op will lie 
^;qua! to the weight of tne water lying above it, and, since 
it is aci'iitimetre square and l centimetre below the surface, 
'this will Ikvo cubic ccntiinclre oi water, which weighs 

1 grain. The jiressure on the bottom lace, sinee it is 

2 ceiitimelres hidow the siirlace. will hi’ ^ grams jier 
jiqiiare eenlimctri’, and hence equal to 2 grams on the 
W'liohi*Vace; thus the ujiwaird pressifh' on the lowi«f face 
exceeds the downward jiressure on the toji hy I gram, 
and since llic.bottom is always a «e!itinietre lower than 
till- top, the same rcasoriinfj w'ill ajijily at w'liatever depth 
the eulx; be ]<!aced, and lienee there is always a resultant 
ujiltinist aiid.consequent loss of ajijiaront weight of i gram; 
i.e. the loss of wejghl is equal to the wgight rf water 
flisjihieed. 
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%. in tile rase ot a body wliirlj is specificallv lig'/er (i.c. 
less dense) Ilian water, it wiij float, witli^ iiist|S(i iniicli of 
tlie body iiiiniersed in the wder as will displace' its own^ 
weight of the liquid, soI.^at (lie Apllinist of*tiie wa^ei^|f 
noiitralises the weij^ht ot {'iS^iodv', 

Example :— 

^Suppose a 3-incli pl.-ink of liiiiljor, whose specific eraviti’ is •4, 
fio.ats on water, how d'-ep will it sink ; * ^ * 

Since the limber is only as li^eavy as an eqiK.I volume of'water, 
it follows (i,;q pie volume of w..ter wluw'i; wcight*just lialtinces 
the weight of limber will be ll'.e volume \f lht*ti’jibei. Hence 
the llo-Iling ti.abci will ihsplace its own volume of water; /c. 

it will float will' of .Is volume nniler water and >1, of 
, ’• • * 

Its volume out ol water. » 

Now of 3 inches- 1 2 inches, which is the depth to 
which it will sink. 

» 

The Hydrometer.— The jirinciple of Atchi- 
niedes ajiplies to .all licpiids ; thus, a floaliiif; body 
always di.s|)laccs its oun woiglil of the jiar- 
ticular licpiid in whic'i i? floatst; hence it will 
sink farther in a light liqnitl than in a heavy 
one. A hydrometer is simply a float (sec FIJ;. 64.1) 
in which the principle is a|)plied in determining 
the sj^cific gravities of liquids* The stem is pro¬ 
vided with a scale on which the specific gravity 
af Wtli^ liqnitl can lie read off according to Ific 
deplli at which the ipsf ruti'cit titbits. 

• • 

The U-tube for SpeciQc Gravities. —If 

we place two different liquids, which di' not inix, in* 
the two limhs ot a U-tiihc, they ilo iiof.find tl)c same level, 
becaus%it wih require a longer coliiinn of the lighter liquid 
to balance a shorter col«mn of the denf*‘r one. If ont 
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t 

• liquid ^ere twice as denso as^tlic other, it would clearly 
'cquire only halt lonR to lialaiuc the other; 

;uid, in la('|, the heights of the two columns 
'will he lu the itw rsc ratio of the, specific 
|:rai»i1ies of the liqujds. Thus-*- 

fspentlc jjr.'iviiy oflii|infb\, ^Iieiphl of c*)lumii ofB 
s))e('itie j;ia\ ity of lifiuKl it h('tpiu (tf ( oUimnof t\ 
II one of the liquids he water, the sjiecilic 
qravily^'ol the other ctin thus he readily 
calenlaleil. 

'I'lif sluili'iil sliould he earelnl to note 
that the iKfivier liquid is nsiiidlv allowed to jias^ riftht 
round the hend, and the height ol its (dlumn is measured, 
not from^lhe bottom ol the tube, hut trom its levePin the 
other liml) (showui by the dotted line CD). 

Ill the case ol Iwo liquids which would ni'K, it is 
‘nepea^iry t(f place a little mercury, m tlie hend to keej 
them sejiara^e, and the levels ol the liquids must he thei 
carelully adjusicd so that tlie mercury s,tan(ls at exactly 
the^same level in both beiids, lot if there were an excesl 
of mercury on one ■'’i'le't^ e^fess iiressure would j'aftl) 
lialaiiee the liouid on the oji])osite side. 

Summary. 

Liquids transmit jinssure wpially in all directions. 

. Pressure is projwirtional to area. The l,ydraulic ],)rcsi 
lepeiiSs on this. 

Pressure due to the wight oi* a liquid is jirojiortional t( 
.he deplh or head ” of water. 

'Dnilorm level in varicms«shaped vcs.sels and tubes. 

Priniliple of Archjipedes depends on greater pressure gr 
ower surface; restiltaut upw'ard force = weight of liquit 
lispfaced. 

Hy(irometcr*-to find sjiccjfic'gravity of liquids; floatl 
deeper inliglllcf liquid*. 
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SpcciTu; gravity by U-t 

Specific gravity iji J\ heiphl ip' II 
S))ccific j^iavity of 1 > lieiplil t)!'A 

E,\EnrisKS. 

1. Tn a liydnuiliv press the small pliingerjlia;* a -finjiieter 
of 2-5 reiitiiin'lies, and the ram a diameter (A go renti- 
Ijielres; the levi r handle has a mechanical a<lvantagc of 
20. Fiml the tofal pressure cxenhd liy the ram wjieif a 
pressure ol 25 kilograms is apj'lied at the end of Jhe 
handle. 

{N.H. The , areas of ciieles are pio])Oiljanal to the 
squares of (he diameters.) ^ 

2. F*md the water ])ressme ii? lanmds pei sini.iie mch 
at the bottom of a tank 20 feet deej). 

3. A reservoir is situated at an elev.ation ol 500 feet 
above a w.ater-mam. Find the pressure in* pomi«s-,])er 
square inch on the main (making no .fllowance for 
friction). . 

4. .^jvctangular steel^jonto'm 50 leet x 20 feet x 19 feet 

weighs 5 tons. Wh.il weight Avill it srqqxirt withojil 
sinking in pme water ? How much more would it sujqrorl 
in sea-water ol specific gravity 1025 ? * * 

5. A column of sea-water 10 inches high lialanccs in a 
U'tube a column of jiaraffin oil 12! inches high. •Taking 
the specific gravity of sea-water as 1-023. find the specific 
giawily of the tiarathn. 

UhXcTICAI. lC.\ICRC.IfI!S. . 

1. Verify the prineiole o? Archiincdei^ liy ,»uigiuiig» 

various solid bodies in air and wafttj, and comparing the 
loss of,weight with the w'cight o{ water disiifaced, as»found 
by the overtfow-displacianont apparatus. ^ » 

2. Repeat the experiment in Exercise reusing a liquid 
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lighterVr heavier than watj'r, and observe whethc/the lavj/ 

still applies 

,, 3. Weight a lest-tube wiVi shot so that It floats with 
’aoo.'t !; of it;* lenglli iiifler \va(e.'. h'ind the weight of 
tl'e ‘float, aif.l theji, by lloaW.it, m a gradiiaV'cl eylindcr, 
'find the volunte an<l the weigh* 'of disjilaeed water and 
comlire tfvo weights. 

Float the test-tube in Exercise j in various heavier 
and lighter liquids and note the vohiiue ol dis|)laccd 
iiifliid, III each case. I'lnd the weight ol the same volume 
ol.the liquid and observe j.vhether it agiee.s with the 
weight ol the float. / 

5, Float f' peiici! or a long wooden cylinder in,water 
(using guide wires to kee]> it upright). Measure the 
length itij and out ol \faler, and talciilale the ^jK'Cific 
gravity ol the wood, 

6 . L'se a hvffromet^do test the sjiecific grarities of 
vatiex^ lupifds , c.g. iiu thylateil sjuril, paralfin, and solu¬ 
tions of dillcteiit salts m w.itei. 

Compare the sjieeific giavilies ol strong and weak 
solutions ol sail. 

^.^7. Compare the densities ol irifleieiit liquids by balancing 
columns In a U-tube, il the liquids will mix together, 
tnercury must be placed in the bend and the heights care¬ 
fully adjusted so that the mercury 1 caches exactly the same 
level oil both sides. 

iS. Repeat the experiment in'Exeicise 7 using Hare’s 
appiIrStiis, whith consists piaclictlHy ol an in>er 4 ed 
,U-tube dipping into the ,1 wo liq'aids and having a branch 
tube at the to]^) which allows air to bo sucked out .so that 
.the hcpiids rise in parallel columns. 
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CHAPTER »XI 11 
I'KKS.SUi^h OK (KXSk's • 

Gases, like liquids, are fluid {t.c. they liaife tjie power 
of flowing), and ronsequeiifly transmit ]iressure in Ml 
dU'ections, Unlike liquids, liowcvr ,gases are coinjiressihle 
and elastie, j.c the votuiiie occupied hy a given qiiaVility 
ol gas can he varied accordu.g to the pressure to which 
it is sul'lecfed. \ 


Pressure of the Atmosphere.— In the iireraous 
chapter it has iieen pointed out that lupiidsexert )iressure on 
account ol their ciwn weight, and that this jiressure increases 
as the depth, or head of liquid, increases. Now, \';;<«'}i,vc 
at the ho.iom .if what might he termed an ncean ol air, 
which suirouiidy the eaifh, and which is known as the 
atmospiheie. In the first, cha]>ter we saw that gases,Jike 
other forms of inattei Inn'e weight, 
and therelore we s'lould expect that — 
the atmosphere woulil ('xert pres- 
sure, on account ol the weight of 
the air. Under oidinary ^lrcum- 
staiices wi“ are not conscious of 
thj# nressure, becaus* it acts equally 
in all directions ; thus, it «ve hold out 
our hands, any do.vjnward pressure 
on the upjicr surface is just balanced 
bv an equ.al upward jiressure on 
the lower surface. Put, ii we rfi»^ 
move yie air-jiressure on one^ side 
of a surface,* the jiressure on the %ithcr side at ones 
becomes manifest. Thus, ifvc cover the in»iith of a bell- 
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jar wit :• sheet of india-rijMier, the atmosplie.nc^)resstu'e 
acts e(|uallY on tlie ipiper and'lowei surfaies of the latter; 
^but il wi' renioCe (oi reilucif) llio pressuie Ivan below by 
air/i\it ol llicfliell-j.ir, then the pressure on the 
ft)]* p'.shes ,tbe nibbiT ilow*’- ■ ao a eii)i-sliy|)od hollow, 
and mn\ e\ ent.eanse. it to burst ji'w.irds 
Aiii'.'ici;, i-jpiriiiH'nt iiiay i)e niadv with Ih? Magde¬ 
burg Hemispheres (Fil;. (17). Two cups or heinisjdieres 
ol biass are atruratelv titled loi;el1ier to form 
a hollow fphere or glolie. So long as the hir 
reiiiaiiis within, the inner aiul outer air-iiiessuics 
Oalame,eaeh other, and we can separate the 
beliiispiieies w'ith ease; but it we 
inimii the air out ol the hollow globe, 
then the oiiKide jiressure o( the air, < 
being now milialaneed, will push the 
Iwo halves logelht.r so forcibly that 
they eaii only he sejiarated tiy a veiy 
^inong pull. 

l ie. 67. rnjjg Barometer^for Measuring 
Atmospheric Presarire.—'in the last chapter 
(sec Fig. bi) we saw that the increasing pressure, 

-as we go deei».‘r in a vessel ot water, may he in¬ 
dicated by?! column ol mercury pushed higher 
and higher in a U-tube.' The pressure ol the 
atmosphere is also capable o( supporting a coliniin 
"d-K(^id. Thus, if wo I,ike a longjiilie with a 
ta)) (say, a burette), and, jiUiQjng the oix'ii end '|d 
undei water, suck out tfie air at the toji, wo shall 
lind that, as'the air is removed, the water will 

f I/./-. , 

rise, arjd wilHinally fill the tube. The water has, 
in Iru t, been (lushetl u]i by the pressure of Ihe air actihg 
mi pie surlace,'‘1f the water ill the vessel. If wc cover 
dho nioiitb of,,lhc'’iuhe with ij light card, we may re-, 
inove the .hwrettc from the/vessel of water, and the catt^' 
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will sti;! reranin in position. lf(;('rmse, allhon{;li tlio i 4 i(;ssui'e 
61 the water is piishnif; thctiaul il<minv.'U(P,^(lio |iiessurc, 
of the air ovtsnle is piishinl; ii niAvants iiioie’slrond'y' 


ovtsiile IS piishin’^ ii njAvants more slrongly^ 
If wo weie lo m:ike,tlio t'lhij lonf;oi ai;d inn^er^ the 
])ressiire of the water e.'-""ji would iieiouvi proj^jrl'ioft- 
ately gieatei, and at l,ea. \M' sluuilii a |.oiiit at 

winch th(» pressuu'^gl the water neutralise- thi .•^essure 


of tile ail, and the heif;ht ol tlie water (ohiinn wonlif llien 


measure I lie (iiessino ol I he 
'iSriild have to he alinut 33 
feet high, and it wasai luallj' 
discoven-ih .some eenluries 
ago, tlial .1 su( lion piiii'p 
would^not lai-e vaifei he 
yond l-jis heigui ol leid. 

By itls^g u'eieiiiy, which 
^ 136 lihies heaviei than 
water, a column 13 li limes 
less, vii. 'bon' 30 inches, 
would siiiliee lo balance the 
almospheiic pressure. 

Take a straight lube ive^ 
30 inches long, closed at one 
end, and fill il wilh mer¬ 
cury. Then, closing the end 
with the thumb, invert it in 
a dish oi nieiiury, and tt 
will be loniid that thf mer 
cury iff the tube falls, unijl 
it stands at a level of ahoul 
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30 inches above Ihe mercury in Ihe rlRh. Such ftii 
airangenienl is called a barometer. 

•Instead ol using a separate dish mcicnry, we may 
bend the tube into a U sliape.^when it wall lie found 
that the*morciTry 11' the cl^ised limb slffnds a levi'l about 
30 inches above the level i\ the open liniJa. ‘We have 
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thou ai-L(()]iinm of iiicrniry ;;f)Out jo inclics high b.ilancing 
(ami Ihoroliac measuring) Iho"pressure ol a eiilumn of air 
extrmJing io tlie lop ol the at;uosplieie. Tlus.foim is called 

M syphon barometer. i 

' The closed, liinh must conUo'.'iio air .il the, top, other¬ 
wise the atmospheric pressure would he pailly neutralised 
by thit_i pr' SSjire of the air inside, II the e'lid of the 
closed limb were opened or broken, the mercury would 
hill until il leached the same level on both sides. 

'The atmosjiheric pressure varies in dillerent places' ; 
thus,"‘if we ascend a mountain, the depth, or head of air, 
above us becomes V'ss, hence its pressure is smaller, and 
the mercui;ii 'in the barometei lalls iii juoportioin ISut 
even iii one and the same place, the aii pressure varies 
according to the slate ok the weather, ,i hut wliiclomakes 
the barometer iiselul in weather predntion. 

Let us now see what is the actual jilessure lepreseiited 
‘ijy-*5jjneicuiy column of -;o inches. Suppose oui b.iiometcr 
tube has a siclional area of just i square im h, then, .since 
the volume of a cyhndei, whose liase is i s(|iiare inch and 
height JO inches, is jo cubic inches, we shall have ,;o cubic 
inches ol mercury, and Uiis is hniiid to weigh about 15 lbs. 
Hence we conclude that the normal or average [iressure 
•f>l the air at setr-levi‘1 is about 15 lbs. on every squ.ire inch 
of surface. 

Boyle's Law. -We are noW in ,1 position to measure 
Mr«fU«issures. and to discover the' e&ect ol pressuri' upon 
volume. Let ns take a U-lubc'W'ith a long open limb and 
a short closi'd one, and, by putting p little mercury in the 
b«nd, let us ehclose some air, at almo.s))heric pressure, in 
the shqrt liirih. We will suppose that we have a column 
of (ncloscd air 6 iiulies long. 

Have now (loiir miTcujy into thi‘ open limb it Yfl' exert 
pressure upon tpe eifclosed air, oyer and above the pressure 
of the atmosuhere. and we slrtTl find the enclosed air to be 
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'■omprcssi'd into mikiIKt niid .-.iii.ilK'!- voliuin'. Wm-n the 
mtM'cury in thf o]k-ii linil) slftfuK ;o iiicIm^, lli<‘ Icvo] 

in Iho t'i()S('(l'liinii, llic jin-'iswR- 
p)l tlii-i mcicnrv will be to* 

Ihc iircssum ol llic .itiiidsj.nf'ic, 
anil will be artinj,' iii aM.tiim in 
till' alnioa|)hri ir linncr 

(ho total |ir<'ssuro on tUo (oiitiiioil 
ah will now bo two atinos])lii:ioa 
(oqnix'alcnl to («i hn'lios ol inor 
ouiy), and wo shall liiid that (ho 
onoloM'd .ill' has shimik to a 
ooluniq im hos lon.y, /.c. b\' 

Jonhiim: tin pios^un wo havo 
hak'i'il utio vohnno. Ii Iho tiibo 
bo loiif' onoiiqh wo can adil 
anolhoi* JO inohos f)l nioroiu'y so 
as to inonaso tho piossiiio to 
throe aim isphoros. and wo shall 
then find the oijunio ol Iho on- 
I'losod ail rodiiood to 2, ij^hos 
i.e. to ono-thinl ol tin oiiiijinal 
volume. 

In order to disoovor the offcot of diininish^l ^ircssiire, lot 
us take a U-(nbc with equal limbs, one hoiny olosed ijjad tho 
other o)X'n. First conlino^a certain volume of air (say, 0 
inchesf at atmosphorio jirossuro ; in order to do this, we 
inustl ey that the luNcniy stands at the .same lovoT'ori 
both sides, so (iiaf one co'u.an inoronry just balances 
(lie other ami eonseqitonll) has no efloot oi^fhe air. By 
means ol the tapi run out mer*ury until the level in the 
oj^en limb st.inds 15 iium-s hdnw that m th, Kdosed limb. 
The mercury tiies to find its level, and the column ol 15 
inches nieist hj; suiiported by tlun pressure of tho oiihiilc 
atmospheic, hence pari of this atmosphi'rit* jiressuro (viz. 
one-half) is used up, as,it were,'in supporting The mercory, 
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. and on'iy tlic remaining half of (he pressure will be effedive^. 
in pressing fn (lie air inside./ *Tlius the ah inside is now 
^ only subjeel io a pressure 

n. ^ n ol hall an atmosphcTe, 

*.uid its volu’ue will lx; 
j ’■ ‘.fund to be 12 inches, 

.] ■ . if /m/s’iu;'''the pres- 

surt; we have doubled the 
volume; and il we con- 
! ' tinned until the piessure 

. J ^ 'I I was rediKCil to the 

' I volume would be trebled, 

I I and so on. 

I I Thus il a|i]X'ars that, 

' I when we increasi' or dc- 

S I ere.ise the jiressure on the 

" I ‘'’olined air, in any given 

* ^ I I latio, the volume of this 

I I * I air undeigoes an opposite 

I I I change, m the inverse 

J jp I Mtio. This is genera^y 

•I'M y_y| jl''‘.\|)ressed as follows 

‘ . 11'.. 71. Boyle’s Latw.—Tl^ 

volume of a given mail! 
of any gas vaiics in inveise projioition to the pressure 


exerted upim i'. 

The student should test this imiKa tant law for himself 
by making a series ol expei iinen.s with the “ Hoyle’s tube.” 
Rememlx-r that when the inercury-i‘' higher in the opien 
limb it is e.xertiug extra pressure on the gas, and the 
difference of levels must lie added to the height of the 
baiometer, yherear. il the mercury be higher in the closed,' 
limb il is neutralising part of the pressure of the atmos¬ 
phere, aii'l fhc difference m levels must be subtracted from 
the..helgh'l of 11,10 barometer ' . 
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The results may l)e l;lbulatel^in the followir.^ :— 
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iV.'tY.'v'JV l^roporhonaL In ;irUia!*e\jKM‘iinents t^ie results 
will |)njl)a!)ly not be (]uilc accurat('. It should be noted 
that the. true height of the barometer for tie' time beii^ 
must 1 h used instead of 30 inehes. 

This Lw applies to all gases ainl even to fapours, sneli 
as steam, \viien»jn a diyor uusatiiralt'd ('ondition; hence 
the law IS ot great inipo’‘^nee .n ilie theory of the sti'am- 
engine. 

Example-^: — 

1. Steam is admiUed to a cyliii*ier at a pressuie of a^-lbs. per 
square inch above ilje atmospheric pressuic of 15 lbs. per square 
inch ; at wlial point of the stroke must it be cut oft so that jts 
prftsL'i^ at the cud of*he stioke may be 5 lbs. below that oT the 
atmosphere? 

Tlie total pressure of*thc sicam on admission- 25 + i 5 ~ 4 ^ lhs» 
per square inch. _ • 

The pressure at end of stroke15 - 5 - !o lbs. |)er s(iu:^rc inch. 

Hence the pressure is reduced in the ratto 40 : fo —4 :1. 

Tliereforc the volume must increase m the ratio ^; 4. 

HencS'the st«am must be cut oft af 4 sUokc. 

2. 40 cubic feet of coal-g?ls a^e forced into alylindev of i cubic 
foot capacity. Find the.pressureVf the,ga^ in Ips. per squar«.inch.“ 
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The folunie is deeloiisoil in Tie rntio of 40: 80 ; 1. 

Hence tlie('iiessme must lie iiii'feased 111 the ratio of i :So. 

Tut tile on^iiitii nliiiosjiheric [(lessiiie is 1 s lbs. p. 1 siniare inch. 

Heme'1 lie lesullinp iiics^tire is 15 • So- ijno Ib.s. per square 
iit.'li. ' 

SrMM.MClu 

Ga*.e;, iiie Ifuul ami li'aiisinit juess'in'e 111 all iliieclions. 
Tliey tire ciini]iiessil)le tiiid elaslic. 

I'leSslire iltii' 1(1 weiqlil (il atliioslihcle 15 Ills. |iei 
sqii.ii^'iiu'li. 

■M(,MMire(l„ liv li.iiniiieler- ’aveiage lieiqht ol inerciiiy 
coliiiiiii, ,e' iiirlies. 

Piiiyle's IJ'w : voliiuu' ol qas varies ini'i i si’ly ,ts pres¬ 
sure. „ 

Kxt.ktisFS. 

1. I'iiul the atmos|iliene |iressure on a ein iihir jiisloii 
14 I'ltt.'hes iii*iliainelei. when (he htiiomelei stamls ;it the 
normal lieiglll. 

4 . At (he bottom ol a deep mine the barometer reads 
34 iijc.hes. Wind does this cone-pond to in lbs. iierstpiare 
ijich (taking a baroniele, reading 30 indies :is e(|m\'alent 
to a pressure of 15 lbs. jier square inch). 

' 3. A bicycle'lyio has a ciqiacity ol i-2 ctiliic leel when 
full. How much ah must be jnimped into it to inilale it to 
a pressure of 40 lbs. to the squtire inch 

4. A gasometei conttiins 100,000 cubic feet of gas when 
the barometer .stands at 2q inches. ]?y how much w'! this 

.' volume be diminished if, the barometer rises to 30 inches, 
assuming tliat the extra iiressiiie due to (lie weight of 
■ .the gasometer conespoiids, 111 liotli cases to J an inch 
' of moroury ? . 

5. Assuming tha*' a litre of air at normal jiressiire 
weigliB l-2i| grams find the weight ol a lilrn ol air 
(Jn the top ol.va moimtain where the barometer reads 
2,3 iiplies. •* 
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PKA(riU''\L*i'AI-:K( IhlA. 

T. CiUO liilTy ro.iil lli! licigni (il llic l)an)m<'trr.in iiicIk^ • 
and in inillHiu-tias. 

I'loylr'h law a^ drsi i ihcil ai'tlif ( dapict. 

.!■ On *(|Hanal jjayci jilol a riirvc ahowini; (lie ^-lation 
liotwecn IIh‘ am! \olmm' ol a ,i»as,* ineimmiiif; 

])rcssni('s varlii ally and viilmnes hoi izniit.dly. As a 
*ingo ol prrssuros as |iossililc shoul^l la- used, i c a U-iu]it“ 
should he eni])loyed havin” both limbs of a roiisujf i able 
lenglh. • • • ' 

4- I'y means ol a small U-!ube c.'iilaimn" water ami 
altai liul bvrubbi' liibinf; to a ^as noz/le, dl'lermme the 
gas jii^’ssUie 111 lin main in iuijies ol walef. t'aleulate 
the result as ‘he Iraclion ol i atinospheie (lakiiiff 30 inebes 
ol 11 -iciiry ol speiiae gravity ly-b as bi'ing the noimal 
afmos])berie jnessiiie). 


t 'IA>lEK .XIV 


TUMI’S ANU SYTIIONS 




In the last ehapter we have seen (Fig. (is) tliat if 
wc suck the air out of a .tube which dips in water, [>5| 
the prcssuie of the outside air jnishes the water u]) 
the t'jbe, so that it'niay be filled to any height."*^ 
If. as in 1'ie iiipctle Mr meayiring lupiid.s, the 
lower end has oiil\**a narrow opening, Ihen if we 
close the top with the Unger ihe tuiie may be re- 
Ijioved from the v ssel without the liquid ’iunningj, * 
out ot the pijiette, being held iqi lr>*the pressure 
of thoifiir. ^s soon as we renmve the finger the jn^ssur 
of the air acts equally 0*1 the top and thcliquid flows oilt 
by its own weight. 
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Instead of roinovinf,' the ;yr from a tube bj' sucking' 
with the ’.w’lith, 't may be reiuovod liy a i>is|ou, as in the 
syringe oi squirt. The saiiic |iiinei|jle is applied in the 
comiuon watu pum|i. ju this .lue llieo' is a kind of' 
trap-door, rallpd a valve, in the. ])iston, wliuUi will only 

ow; and another 
valve at the 
hollom of the, 
pump barrel, 
also ojiening 
only ujrwarrls. 

Sujipose we 
laise the'piston 
\ fioiu the bottom 
i of the barrel, it 
' will ))ush out the 
ail lying above 
it in the barrel, 
and there will 
ue, liclow it, a 
partial vacuum 
(.'.e. a s|>ace Iroiu which the air is partly removed), hence 
the ])ressuri oKhe outside aii on the water in the well will 
push it uj) the connecting tube, and, when it reaches the 
barrel, d will raise the valve K and enter the bai'rel, as in 
the first diagram. 

^ It now, the barrel being nearly full of water, the piston 
be jiushed down, the lower valve at once clos'i, Ind 
prevents the water runiii'ig bacic, whereas the valve in the 
piston is pushed open by the water'tielow and the latter 
' then jiasses tlirough to the toji of the jiiston as in 
diagrauT 2 . 

■Finally, if the piston bo again raised, the piston valve 
will ’lose and ])rcvent the waiter passing hack, iKmce the 
piston will raise the water until it overllows at the sjxiut; 
and,'at the same tirne a furtaer supply will be drawn into 


oiieii Mirth, when ])Uslie<l from 

r ' j 1 " 




PUMPS AND; SyPHONSi WI 

'the barrel throiigli the lowei^valve (ihaf;raiii so that 
tlic o])eral]oiis may be rejii-aieil as nfleii 'iis ne/es^.ii V- 
As mentioned in Ihe last enaidei, the alnios|ih'<iir )ires* 
’sure will ojily sustain a 'valer column J ; leitl t " 
high, hence*a ininij) of this h *m will nof diaw* I 

water to ^ greater height. 

• * 

The Force Pump. - In this ])ump Im- 
%ston is soliil, and the second va've is pltiasl 
at llie Ixitlom ol llie discharge pifie at the 
side ol (he b.iriel (.it 1)). • 

Wlicn the barrel is inll ol water, .'.id tlv 
piston'desci lids, it pushes ihc v\aler through 
this \'a!ve end up tl'.e dischaige pipe, so that 
it may*lK' loi' cd up to any height il sufficient 
pressure be aiiiilied. 

A steam boiler leed-imiii]) (not an injector) 
acts on t’ Is i>’inciple, and also the pump ol 
a fire-engine ; hut, in the latter, the W'ater is first forced 
into an an-chatliber, so that the pressure of the c'onfnied , 
*jiid (.ompiessed air mainttims a 
contiiiiioiis jet of water, iiidt-- 
pendeiilly of the i^lternatestiokes 
of the piston. 1 
• 

• The Syphon. —a iiquio can 
be, drawn from one vc- ss id ^o 
another at a lower level by 
means#of a bent tube, called a 
syphon. The tube must first be 
fillecJ with (ho Ikluid (by suction; 
or otherwise), ;ind^hen*ono end 
is placed unCer tiit\liquid in one 
vessel, It will continue to How‘into the other until llie 
levels are equalised, or *the* first may be*einpUcd to the 
bottom by making tbe other leg of'tli syphon longer. 
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' ( 

In ifir first iilncn, it inusl''lx‘ noted lliat the syjilion only 
remains Inltiot lirjnid in viili^’ol the alnios|>)iene pressure 
^'eting on the liquid (eqnallv on bolh sides),' I| wi' made 
a hof' in tlie syplion at the top aiyl allowed the air to act i, 
there, toe tiihi' wovld at onei'eni|)t\ itsell, and'lhi- s^'phon 
wonlil a ease to'aet. ' ^ 

1 hg'iii " jiiyssnie, heniq ei|U.il on* ^.lotli sidi's, has, ot 
conrsi , ni'.lhmg to do with the jhi-w ol the liquid ; this is 
eansed hy Ihe hut that one eohiinii ol lu|uid (hei.ght h) j,s 
shoilel Ilian the nth/,' (height II), and heme the latter 
piisiies do\yii\yaid more stiongly, in eirliie ol Hie weighi 
ol the hi]iiid, and yoiiseqiienlly Hie hc|Uid llow-s honi Ihe 
sliorler to lyie longer limb. ll should h,- obseiveil, that, 
jirovided both legs aie below water, Ihe diieelioii ol How 
dejH'iids sqleh' on Ihe water h'vels in Ihe vessels, and'not on 
the lengths ol the two limbs ol Ihe tube. 

Befi Syphon. A loriii ol sviihoii w'hieli is em¬ 
ployed 111 ei'iieiiis tor Hushing ]iurposes is illiisliated'in 
Iwo iiioihliralioiK. (r ,ind in 
the dia'.'iaiii. 

Suppose the eisterii to be gradu¬ 
ally filled from a supply ta)); as 
soon as the water le.iehes the lop 
ol the bend ol tube I, the syphon 
wliieh it foinis will be filled, and 
will qiiiekly discharge the water 
in the eisti'iii, and in dii.i.ng«so 
, it will cni/i/v itself, so H),i( it wtil not art again until the 
cistern is lefilled. Thus its action is iiiUermitlent, and it 
...may he arranged to disehai;ee at any suitable intervals hy 
‘ adjusting the,water supply. ^ 

[n No. 2 in the cfiagiam, instead of the (op of the tube 
being'bent loun 1, it is h^nqily covered with a be.'l ; the 
'■'pace between the tube and the h"!! tbon acts as tlie short 
leg of the syphon. fot^ai is frequently used in W.C. 
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“ cisknis, s()m<‘ ananRcniiiil N)i‘iiif; iiseil \vlirivl’i*v the 
syphon can licslailcil hy piMiny a chain.; t 

It soincinfles liappcns tliat a syphon of tliis^ kind is* 
• flivown onpof aclioii Iv ihe lieW hcconuni^jcoiroilcii. and 
air gainingTnhnission by the iniall liolin tliu.' 

«' SrMM\KY. 

Tile an picssinc will suppoil a coluiuii ol liipiid, i •,.»in 
I'lpipclle. ^ 

Ihe (oiinnon pump has Iwo \al\^s- one in llic section 
Jil]ie and one 111 Ihe piston. . • 

In the Ione-|)unii) llu piston is solid, a’jd Ihe second 
\Mlve at the h.isi ol Ihe dischai.ye pipe. j 

In the s\pl„,n liie ll iw IS caused h\ the cohufliii ol lujiiid 
in oin iimh hciiiy loii.jei than tin- olliei. . 

In Ihe hell syphon the s|iace helween the hell and the 
pijie loinis the shoit liinh ol the syphon. 

ExhucisIiS. 

1. VVhal horse-powei would he re(|uiied to |nunp water 
from a iiiine looo lei l dc^., at ilje rate ol 50 galloiitf per 
minute (inakiii}; no allowance loi loss ol ]io\vei) ? Oifh 
horse-power .).;,ooo loot-jiounds per niiiuiV', and 1 galloij 
ol water weighs lo lbs. 

2. Sketch a suetioii-pimi|i, •! [orce-)iU'.np, a spi'inmon 
syphon, and a bell sypfion. In the ]nnnps show the 
lio.sition of the ealv.'S^n both up and down stiokes. 


fllAriER XV 
s 

HEA'I AND TKM1’KR.\TURE» 

A kett4E1'1'L^oI water upon thy fire becomes hottfr, as 
heat is imparted to it- Jiy the trie. WIm'II we wish ft) 
refer to ils degree of liotnessj wc jpeak of tts * tempera- 
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turc,” ."iiul the more lieat'^the water receives the higher' 
its temiiijra^nre is raised. 'I'mis, we might think that the 
temiM'iaJiin' of (he water ts (he same as 'the quantity 
oj htaU il coi'.lains; liiif a moinenCs reflertutn will show.' 
that the two* (lung's aie quile diffeient ; thus, if we lernove 
a eiipfcil ol tlse waler, it will he at (lie same tqmjierature 
as IheVa'iei fiii the kellle, since hotfi'ate eijivally hot, but 
it,is clear tliat this smaller cjuanlity nl water will not 
contain (he same quantity of heal as the laig'er quantity 
in tl|f; kettle. We itmsl distmguisli, then, between the 
teinieralure oi a body and Ihe quantity ot heat it 
contains. Tlji‘ quantity of lie,it depend', on the tojrqiera- 
ture, but it also de|)ends on the i|nanti(v ol meterial, 
and, as wo shall see later, also on tlie kind of material. 

By tcvipeiature we tiiean the degree of hotni^s, and, 
when we cause an olijeet to lieeome hotter, we ate said 
tq "raise” its tem|H‘ralure, Theie is, m l.ul, a certain 
aniifegy between temperature and water level, for ]ust 
as water t&ds to (low Irom a higher to a lower level 
(irrespective of llie qnantity of w'ater), so heal tends to 
jiasf. from bodies at a higher fy-those ol a lower tempera- 
Etre, until (he tcmpertitu're, or heat level, heeomi'S equalisedf 

The sense of touch enables us to distinguish broadly 
'between hof, and cold bodies, hut this sense may often be 
misloailiiig. If one touches a ])icce ol hot metal and a 
piece of wood at the same ten?])erature, the metal feels 
hotter than tlie wood ; whereas if both (lie midal and the 
wood are colder than the hand, the metal feels colder than 
the wood. 'J'his is hccaiuse the" metal, being a good con¬ 
ductor of heat, conveys lieat to or' from the hand more 
readily than the wood. Again, if one hand happens to 
be warhi an'’ the qthcr cold, and both are plunged inlo 
water at a temperkture between the two, the water will 
feel warm to the c<\ld hand, and cold to the watfn hand, 
tlearly, then, vie must have somt; more reliable metWbd of 
estimating te'mperafure than'the sen^e of ionch. 
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\ • 

Forlimately, it happens chanpie of tempenrturo is 
icrrimpanicil by anoUu-r daifipe wliirh is rcaiyiy ineasur- 
iblc, viz. ,•! ('Kai'gi'(j| volnnii'., ’ ' ' 

11 wc iill.a lioltlc (piilc lull of waii'r and tlK'n'lioaf it, 
t will be ftiimd that Ibc wab'j' ajipvars io t-xyand w swdl 
n bulk, anil it will i-vrn'ii.ally ovi-rfluw. 'yie diange can- 
ic inorv iVadilv scniilf we c lose tlir bolllr witl^ a ‘Soppcr 
carrying a nanow tnbc, tlic water wlncb fi pushed out 
of the bottle by the expansion will then pi.iss up the Uibe, 
and, since the lath’i is narrow, exyn a small incieaso »f 
volume will cause a eonsideiabi" rise in the level (h'ig^ 77 ). 

ft will then be seni that tile mole the w'.itt'r is liclifed 
the nyic it will rise in the tube, thus the .fi'iouiil ol rise 
will sij ve to indie ate bow nuieli the teni- 
])cva 1 u%' ol the water has bei'v raised. 

On this simple ])niiciple is based the 
instriinient for nieasui ing teiiipeiatiue, 
calk'd a thermometer. It has been 
found tint watei does not ex|iand uni¬ 
formly, and heyce .iiiotlier snl.stanei-. the- 
liijnid meial, meieuiv, or (]ih''ksilver, is 
generally employed. I'oi'^the liotlle we 
substitute a smell bulb (siiber'cal or 
cyliwlfisal) to which is attached a tubui 
with i fine, hair-like bore. Thi' bore is 
made narrow in order that rwe-n a very 
small increase in thi' vofiiiiie ot the mer- 
cujy may cause' ai» apjireciable rise in 
the sftra. , 

In order that suyt an instrument may 
serve to measure diange,; oi teniperaUire,* 
it must evidently har e a !ral(', hased ^ 
iTpon some definite unit. The first st^|i in i^roviding such 
a scale is to maik two fixed terap'ratures^ just ly; the 
standarcl yarcT is the disbrnce befweeft two fixed marks. , 
Now, it has been found fljat the temperature at which 


J 

t 

I 



Fin 77. 
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imrc i« mt'lts, ami tlic tci^jpcraUin' it wliidi pure wator 
Ix'ils (iimkai a constant aliHOphcnc prcssuix') are fixed 
and invariable teniperalures. and llierofore A'ery suitable 
for determining’ onr Iheripomi'lrie scale. Tlie dillerenee in 
tt.njien ture d>eU\a;cn these ^\vo fixed |K)ints rvill clearly 
oc a fixed anil'lilt, and il we (■'■.vide tins interval into 
a niniiNer ,')l eipial ste|is nr ■'dei'i'en:.,” each degree will 
re|)rescnt dennite interval of teiiiper.itine. and will tliere- 
iore 1 h' suitable lor a unit of ineasiiienienl. 

'Tliero are two ‘'{r.iles" in coniiiioii use, vi/,, the, 
Fahrenheit scale, as used loi geiier.il purposes in Great 
ISritain, and the Centigrade scale, 
which IS inostlx used in scientific,work. 

based upon the two fixed ])oinls 
iiaiiK’d above, but they arc nirinbcred 
dillereiitlv, as shown in the diagram. 

It will be obseived that, whereas, on 
the t'entigiadc scale the liee/.ing point is 
c marked o' C., the corrcs|ionding ixiint 
on tlie ludiienlieit scale iis iiiaiked ,^2° 
and conseqiiejilly the Falirenheit zero 
(o“ F.'-) repr.'sents a temperature below 
the Iree/ing point and hence .also below 
.a2'F the Centigrade zero. 

This Fahrenheit zero corresjionds to 
o"F what FMirenlieit suiiposed to be the 
lowest teni|)ei .itnre attainable, which he 
I iherelore look as'die starting pyi,inUof 
his scale. We now know that much 
lower teinperaturos can be reached; 
s^the.se have, to he lecorded i^s so many degrees below zero, 
'and in writing are distinguished liy the inimis sign (-), 
Thus JiC Fk means lo” below tlie Fahrenheit zero, and 
thcrekire jz + io, i.i. 44" F'. below the freezing point. 
-" 20 ° F. is a lc»uperalnre 10 ° /ojc-t still, i.e. the numbers 
ijow (ucr'ia’si. as we go down the scale. 


yooX 


(00 iSO 


y*0"C 


neC 
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1; • ') J 

, Conversion of Scales.- ln convoriiii^' a tc.njR-ra- 
liire iron om- scaU' lo the o'.ltor, tin- lotlvwiiig iwo’points 
must be k( :il 'll miiul: 

1 ^ 
^ I. The F?hrenheit scale has^. it wck'. a stajj: of 
32'' at the freezing point.. ► ' ^ 

2. The ]‘':iln'cihioii di\y\M‘s .iiv shnit(M.viii thc^iatio”^ 

ol 5 :0- IIk* ’UleiA'.i! iH'lwccii .ind Itoihnj; 

points IS (li\i<h‘(l into loo ('enti^nade and iSo 


Fahnadivit dt'^^ifus. 

I0(» ('un^:L;)<id(' 
Kabrenhuil dc^rres, i.t' 


di'ijUM's aiy (‘quivaiont to itSO 

5 Centigrade degrees 


Fahrenheit degrees. 

-Til's does //[)/ luc.in that too" /^-.thr 
point - iMo' i*' . w liii h IS not tlu- boiling point.]? 


hoihng 


/i (’s 


1. 'r«)um\uvt 20 c;. to llu: Kalmmheit scale. 

Since 5 (,enti-1.ule(lei;UHs - y K.ihtt.nlieit dc^^recs, ( 
flci’ices- a:*'-- jO Kahienheil dci;rces (h/wc// cc.:^/;'/a////). 

lienee Kahicnhea tenij)eratuie -36 i 32" —68 ' F. 

2. To (onvi rl I’', lo C*‘nli};radc. 

59' K. is fly- 3: -27 K.dnei^eit dc; lees aiK)ve fiee/in^ poiiil. 

liut 27 Faliienlieit decreesx ^ 15 Centigrade di'gre 
above free/ing— 15 ' C. 

3. To eonven -20 C. to iMlircnhcil. 

Thib IS 20 Centigrade degrees Ixrlow fiee/mg poin? 

Uiit 20 Centigrade degrees-“T#x9-3d Faiircnheit ^legiees 
(/'cA'w fice/ing points. • 

Hut, as the free/’tng jHiint is 32 T‘., a teniperaluve 3(r beloy 
frec?ing%vill l)e 32 3d -4 F. 

4. To (onvcii - 20" F. to CWigraclp. 

-• 20’ F. IS 20 degiet*>*hclo\v 2(Vf> Fahrenheit. 

Hence it is 204-32- 52 F.ihrenhe^l degrees below treezmg. 

liut 52 Fahrenheit deg.us 5 " -- -^’9 Centigrade 

deforces. \ 

And 28'9 Centigrade degrees below fiee/ing is -- 28-9" C. 

The chief ]>omt lo he .cpmenihenHl is that the 32° niust> 
always be added to or subtracted froni Fahreidioit' numbers 
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and pi'vcr from tlw nuinbo'S wIumi tlioy arc on tl; K Centi-^ 

grade scale. 


SCMMAKY. 

1. '1'-niiie.aUire is degree d liotiiess. ()iiai‘''d.V'>i heat 
dejreiyK on ol'ier things beside !, m|)eia1uie. 

2. A tl'''rinoiiieter measures teui|M'rdure by the cjtpan-^ 

sion of a lie|iud (generallv mercury). ' 

j. I''ree?iiig ]ioiiil (cC Centigrade and j2 Fdhi'euheit) 
and boiling |ioinl (lo'C C and 272 ” F.) are li.xed ponds. 

ip^To ronverl Cenligiade In Falirenlieil, nmibply by 
and add ;,2 (l.ist). 

To conn,a I bahrenbeit to Centigrade, subtract ,’,2 (in '-t), 
tlien rniiltiply by 


ExliHClSl-.S. 

I ,^l. Tile teiii|M'rature ol a certain fiiinaee wlieii white-liot 
'wfis found to be I ’.oo” C. What is fliis on the bahrenlieit 
scale ? 

2. Iron inells at alKiid 1500” C., lead at .py” 

tin at 235° C. W'lial aie tin., coriespoiiding Fal'^|^§!^^ 
teni]ieialures ? 

3. A nii-'eliiie of snove and salt lias a iemporatiire ol 
alionl -18'"' C. Is Ibis abox’e or Ixdow Uic F'ahrenheit 
zero, and by liow much ? , 

4. Two rooms aie lonnd to'differ in lemjie.raturc by 
12” F. How many degrees would this be on flic Centi- 
giade scale ? (Think carefully before answering.)’ 

5. f)o“ b'. IS a comforta.'.'le tein)ieraturc for a living room. 
What wimld this lie on the Centigrade scale ? 

6 . The sleain in a locoi.uotivc Ixjiler (being imder jires-,' 
s.nre) is founi’; in a ccitain case to be at 350° F. Convert 
this to the Oenfigrade scale. 



EXEANSrOM- BY HEAT 


1.20 


I’UM' I U A#’l',\KKr|SKS 

1. Exaniin^^ a Oici moiniiar anti lint! tail \\ii(‘Bit'r it 

* Ct'utigradf or Ealirt-nlkil IMa^c if iiiat k-i n;oUiflg ^ 
and lht‘11 tlie stfani hoin hoiliiig \v;ii*er .uid lof'ord an^ 
errors yoi^ may tind m t^e iixcd poiiils. 1\t'ad ih^* bai'o- 
ineter to sec it llie pfesMiic i' iioimal. 

2 . Jdaoe tlie lljcunoiiieter (<i) m a niixtuie ol piiOiiticd 

ice and salt, and {b) in some boiling sail and watef. 
What has been ihe eilert ol the salt on llie irec/iii^' and 
boiling points respeelively ‘ ‘ 

3. If possible, eonijiare a Fahien'ieit and.a Centigrade 
therniouadei by plil'ang them, sidh by si<h',^ in a small 
vessel ol waier at tiJ'ferent (omj)eialiires, rttcording the 
results In pa allel eohimns, and tlien by cakiii*tion eon- 
verting tl'.e numbers in one scale to the other. 


:hai>ter XVI 

F. X n.t \ SI # N 1! V II e a t 

In the last chapter it has been pointed out •that, when 
water and other liquids an healed, they 1 x'panj or increase 
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bccomo larfjfr when heated;.but the amount of expansion 
is so-sm^l *hat if recjuires soinc care to detect it. 

If wi; take a metal bar 'and a gaui,'e nrade, to fit it 
exactly vvhcn-cold, it wil) be found that when the bar isi 
he<ate(t'it tihconieu slighilv'longer. ,uiil will‘'not fit the 
gang(\ It also heroines slightlC thicker, and lyill not fit 
the jniall •hole into which it will jiass'lieelv when cold. 

^Or wc'niay irsc a metal ball with a ring whose size is 
caiefully adjusted to lit it. When the hall is hot it willijo 
longer jiass through Itie ring, 

.In both rases it will be found that the iiielal regains its 
original size when it becomes cold. 

Again, il^ a fine iron wire, some y.irds long, bcdigfitly 
sfrelrhod, n will be found that if we make the wire red 
hot tiy means of an el»ctric current it will become slack, 
and sag jiercejilibly on account ol the exp.ansion. 

In order to measure tlie ai tual amount ii| expansion, 
motliod must be enijiloyd to magnity the effect, or 
we must live some sirecially refined method of measure¬ 
ment, e.g. the micronicler screw-gauge. , 

Coefficient of Exgansio.i. —A very simplu™^^ u. 

taeasiiring ttie e.xjiansion of a metal wire is the 

magnific.tif,in pi range of motion by a lever of the third order. 

A wire A^'i, say, 4 or 5 feel long, is,hung securely from a 
nail irv tlie wall at A, and,the lower.cnd is attached at B 
to a lever CD, hingeil at C, the end D being opposite-’ 
a veitical .scali-. The vzire is surrounded by a glass tube, 
through which a current of ifteain can be jiiissed'-.o a? to 
heat the wire to a defmii(. tenijicraliire (100° C.). The wire, 
when lieated, becomes slightly longerVand the end B drops,’ 
say, to B'. and allows the k ,ver to tall with it. The distance 
BB' is'very small, but clearly the other end D of the lever 
will move <>vci the scale through a greater distance. Ifi: 
factj the distance ,DDk will be exactly 9s mauy times’ 
'greater than BB' as tlie total L'agth of the lever CD;is? 
longer than the short ;irm QB. Thus, the expansion is,-.^. 
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it were, magnified in a definite proportion. ]<or instance, 
if the lever is qo rentimolres long, and CR is jrejitimetrea 
long, the (lisftincc Dll' (as iiiilicatod on the sealiy will 
just 30 times the ex|)ansi.,n Blfi. • 

The anidhiit of e.\pan;,ion \?’iU evidently oepenu on uu^ 
long the ij'ire is; thus, aVire 1 imdres lofg will e?;pand 
twice as much as tifie i metre long; and^ag^ii, iU will 



Fio. So. 

dejibndtbn the rise of temijer iture; thus, a rise of 20° will 
cause twice as much^expansion ai»a rise of 10°. 

,, The usual method is to state the expansion of unit length 
, of the solid when heated j° C. ‘It should be noted^that it 
d»es not matter in the least which uni* of Icitgth we use; 
. thus if a rod a yard long expands , .yjiiiDo t'f yard„then 
a rod arfhneh teng would expand* timjWh of an inch, and 
one a centimetre long centimet|;e; jn fact, a 

rod trf any length will*expand 4-,|o*(nra <*f its own lengJtK; 
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Tile fradion which represejits the expansion of unit 
length for a rise of one degree m leinjierature is called 
"^ihe coefficient of expansion, oi since it Represents the 
ijicrtVse in it may be called the coid't'iclimt nf linean 

^expansion. *' * * 

When stati-d in this way W('*can rcadilv ('(^mpare the 
exp<#nsi(>if ol ^nie suhslance with tjial^ilt anotlier. 


IlxanipJc :~ 

A ♦yite, 2 metres ionif, is lualed ficmi lo C. ta loo^ C., and the 
c\',»unsion, \vl1e73 ina^intied times hy llu; lever, is repiesented by 
9-3 cenlimclrqs on ilie scale. We are recjnired to find the co- 
eftieient of expansion. , 

The aciiiai expansion will be of 9*3 - -31 centimetres. 

Tins is the expansion fo»>a rise ot ')o C. K 

Hence flic cxjirinsion for 1 ' C. is of 31 - -00344 centimetre. 

But this is the exjiansion of a wnc 2 metres —200 ceatimeires 

Hence lhe^e>i)ansion for i centimetre-„J|, of-00344 

--0000172. 

This is the coefftcieni of expanskm o1 the metal. All the 
stops in the working could be t'limhined in a single formula 
thus : Coefficient y ol t) _j ;■ - -0000172. 

■ In fart wi' n'.ay give the general foniiiila : — 


Coeff.icnt “ 


actual expansion 

length X numuer of depiees use ol temperature’ 


. "iJic coeiririeiit of ex))ansion of a particular kind of 
material may be loimd e.xiKTiinenlalty, once for^11,'and 
wc shall then be able tq ealcitlide the actual expansion of 
a piece of th" solid of any size wlion heated any given 
number'of degrees. 

The' following are Hie coefficients of some comniim 
substances ; - 

Iron tind steel -ikjooii. 

brass ^ - -000019. 

Copper I ' = -000017. 
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Example :— 

An iron ginler is 30 yards lonjT How iiukIivi'I u ^xjtand jvlien 
heated fron. tii» freeving point to *5' C. 

^ An iron rod i mcli Ion-,-. Iit-ated i ' would expand *000011 
incnos. , , 

Hence tlie ^.uler 30^ 3() im.lies| 

lonj; woiild«n\p.in(i for Jise of temp, f ^ ^ .>'* ‘ n'’ "‘ciica. 

Therefore nlien lie.iled Ci' il uonlri Icnplhcn by* 

•000011 X 30 X y> \ 25 -- -297 inches, /.c. mther inou* tiian ] "lei. 

*This ('xninple setvos to ilhisliiil'' tlie hid that tlit 
amount of e.x|),insion which hihcs phicc is extrrftudy 
small; '.nl. on the other h.mil, it mtist In' iviuembfred 
that lakes place with enormous ^loicc, sit that, if the 
natural i“X]),insioii .•.ni! coutiaction ol a metal t^oucluic be 
resisted,the luetal ma)' he hciit 01 inoken, * 

For lust an Cl, it has hcen touiid hy actual tesf that an 
iron rod 30 ytiiils lonp; and i square inch in section would 
require a hircc 01 pull oi tons to stretch it»hy ] me^. ,* 
hence we ,nuy lonchide that il such a lod weje ex|xandcd 
by heat to this^'xlciit (w. in the last exaniiilc) and then 
cooled without being allowed e' contiact again, it would 
exert a loice ol contra tioi ol q tons, and a tldcker'rod 
would exerl a ]iropor(ioiiately great r loicc ; the force o{ 
expansion, if resisted, would he equally gre.id. 

Hence provision (in' free expansion and T.ontraction 
must be made in engineeiing vwrk. Thus the rafts on a 
railway are laid with small spaces between them, and the 
chajrs and fishplate., »re so arranged that expansion ^and 
contracRon can lake ))laec,!ri'dy. Again, the long girder; 
used in bridge constrjiction rest ufon the piers or support; 
in such a manner that I he ends can move Irefly h.u'kwartF 
and forward.s to inovide tor tlie'shglit \anations nijength 
TJlegraph wires il stretched too ligli\l.v in "summer an 
liable to snap when subjected to the vniiter's Void, esjieci 
ally when weigfited wilh^ burden of siTow. ^ 

In some cases the great fo*r;;e of conlractian i< usefuflj 
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appliecl; <■.?. the iron tyres'Vin wooden cart-wheels and the 
tyres oh solic ra^way waggoli'and carriage wheels are put 
pn when hoi, so that the shrinkage on cooling binds the 
whole firmly ^.ogether. , - , 

*'.Theivets in boiler plates'and olhei iron wt rk arc put 
'in re(l hot, soMhat the shrinkage which occurs alter the 
riveHiead.has been made diaws the j'U'tes firmly together. 

The ciackilig ot a thick glass vessel when hot water 
is poured into it is caused by unequal expansion, the part 
next the hot water -"tending to expand more than tlm 
cojjlei pari outside. A thin glass vessel does not cracWB 
this way because, being thin, the he,it rapidly pene|ppis 
lutd the whole e,x]iaiuls nmfoimly. The tendency t«®ack 
may be les^ened by caietiil annealing, i.c. by he^^^ the 
glass to a high tenipera'.iiie and lelting it cool very slowly. 

The ial(' ol ordinary clocks and watches is aflected by 
_lenijieratiire. Thus the rate ol a clock dejiends on the 
Kgth ol the pendnlum, ,ind it the pendiiluin becomes 
slightly longei by exjiansiou the clock will go .slow. In 
the best clocks and walches this tendem y is counteracted 
by an automatic compensatm^ eirangeraent. 

« 

Expansion of Liquids. -. 4 s we have seen in the 
last chapter, 1‘iie expansion of water and other liquids is 
very easily delected by completely filling a flask or bulb 
with the liquid and attaching a long narrow stem up which 
the liquid is foiced by the expansion. If such a flask bc 
s)ul'!i:cnly heated, by placing it in very hot water, it will W 
observed that there is a momeataiy fall of the hquidln 
the stem, followed by a gradual risii the final rise being 
much greater" than the original slight fall. In order, tc, 
undcistand this, we must remember that the heat first 
reaches the glass vessel, which therefore expands slightly,' 
befoio. the liquid has time to get hot, and sincf it thus 
makes more room m the vessel sicme of the liquid in the' 
stein jijs.ses down to lake u;,' this extra space., The.faq.t, 
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that the liquid finally rises h!>jhcr than tlie origimtl level 
shows that the li(]uiil in ll»*encl exjian^ls mrj'e than the 
glass; tie ajmn.nt of rise, iu lad, indicates Wv*difference 
between tin; exiiansion of Ihe liquid and that of the glass ;* 
this is called (ho apparent ejepansiop,. lit indciyto ^.4 
the true or absolute e.ryransion of the l^qujfl, we miie* 
add on tile exqiansiyij of the solid. 

The Coefficient of Expansion of a «liqi«d iit the 
increase in volume of unit volume 101 a use’in 
Temperatuie of 1“ C- 
Thus we may use the iormida . - 


CotifTicient of - 


s>' til t'liump 


vnl'iiuf 'Nt'jul fsIllIfinpiTAtWe 

in Older to find the original volume, we nijsl know the 
volumif ol the llask or hull), aiRl in order to find the 
increase of vohiiiie, we must know the volume ol a given 
length of the stem. 


Exam; lc: — 

.Suppose tiia! flic llask has a volume of loo c.c., and that on 
heating from 10" to 50" the Injuid i.ses 10 eehtiineirc's in the^tein. 
Suppose also that proious c\pcriincnt shows the volume cor;e- 
sponding to i centimetre h of the inom is -25 c.r* 

‘ The actual expansion (uirresponding to 10 c.ift. of .stem) = .25 ¥ 
10=2-5 c.c. * 

• s - 

Hence expansion of 1 I'.e. for i ' C.= ‘ ^ =-000621;. 

too >: 40 

t » * 

ThiSjiepresenl.s the coeffirieiil of apparent expansion of the 
liquid. 

, ■ It is an easy matter to compare the* expansion of 
' different liquids by placing fliom in flttsks of Hie same' 
Size provided with stems of equal I'^re, ptitting all the 
flasks togefher into the same vessel ol hot*’w;iter.« The 
, '.'liquid with tTie greatejj coefficient ?>! expansion will, cf 
poutse, rise farthest up the s^em. 
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It. f f 

An iviporlant ronseqiieinso of the expansion of liquids 
is tliat Hu'^liol liquid has a (.vnaller densil3'than the cold 
liquid, Ix'Caiise then' is a siiirllev mass of liqijid in a given 
'space, ar.d lienee the warm liipiid (ends to float on the 
liap, ol .'he epfd liipiid. This will be referred ,t,o again in 
cJiaptei xx! ,, 

It has alieady been jiointed out tjjat water'does not 
exjialid uiuforealv, Unis a given quantilv ol water expands 
mdie between 50“ and fio' than it does between 10° and 
20°, or. 111 other woi,(ls, the coelfKient of expansion il. 
greatd at higher Ilian'al lowe.r leui|)eratiiies. 

Slfii inoie luiiaikable is the lad that below 4° C. water 
a(<uallv expa'.ids 011 cooling, and coniracts 011 heating. 
Thus, a given (piantity of watei occupies a smaller volume 
at this tenipeiatiire thyii at any olher (whether, higher 
or lower)', il is tlieielore known as the temperature of 
maximum densilv 

'•'^syiun iiKii,water 111 a pond is cooled fiom the lop, the 
colli watei, l,(eing more dense, sinks to the bottom, until 
all the watei in the ]iond leaches 4'' ('., alter this point 
the still colder water, being now le.ss dense, remains at the 
top, and heuie the frec/ing ol flic water coinniences from 
th'c top, and not from the bottom, as would have been the 
Cfisc had the wilcr continued to eoiitiact light down to 
the Ireezing'point. 

Expansion of Gases. —If we take a bladder partly 
filkaWwith air and iilaie it near a.fire, it swells up ,on 
account of the ex])aiisinn of t),ie air inside, Air and 
other gase.s aie, m laeP,- very sens.i,tive to changes ol 
temperature, a'very slight rise ol leuqicraturc producing 
'a veiy ludiceablc increase of volume. 

Tims, if we take a small bulb with a narrow stem and 
put • the ojieu end under water, on placing the, warm 
hand on the bqlb some ol the aip.Ts driven out, and can 
be seen papsieg in bubbles thiough the water. On re-. 
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> moving the source ol heat, tfic remaining air cc«flracls 
again, and the water rises it»lho stem tOjjake Jlie place of 
the air wMcIj has l)een exjx'Wed. On warming’it again, 
the ccilumn rjf vvalei ]s dri'. en down. (See Fig. Sif) 

The differential air thernvtmeter i'^u.sed ior(lyEctie.o* 
slight differnucs in tempexaluie ; il eonsisp, of*dwo Jiullit-r 
connreleiPbv a berj,tuhe, containing liquid in.the bend. 
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If one bulb be w.iriiied more than the other, the e.xjiaiision 
of the air drives the liquid towatds the collier bull? 

If air be heated in a lio.sed vessel, so that it cannot 
exjmnd, the elicit is to iiu lease its jiies.siire. In ac.i«rit- 
ance \^th Koyle’s lav.’, tlr inciease of pressure is in 
exactly the same ix^jportmn as*lhe increase in volume 
would have been had the gas, bi'eii ailovvf'il to exjiand 
freely. ^ » 

We have seen that dillereiit solid'* and liquids have 
different ^coefficients ol c.xpaiisioiij in^lie case'ol gasc% the 
matter is different, as itjjas been found thai all gases have 
practically the same coefficiimt of,csjxirjsioti. ‘This^co- 
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effiaert^ may be ex[)ressed As the decimal fraction, -00366, 
or as ihe v( 0 gar fraction, „] f- This means that if we have 
any vohifiic of gas at 0° C.( it will expand jiy of its 
’’volume 'at 0“ for every degree risi; of lenii)cra.ture, so that 
£i.273: its original, volume would he doubled, ,, 

— If wc s', irled with -73 e.c. pf gas at 0° C. it would 
expand thus:— 

‘273 r c. .'ll 0" C. 

273 i 1 - 274 c c. at I' C. 

2731-10 - 283 c.r. at 10' C. 

273-1-loC — 373 c.c. at 100’ C. 

.'’-73 + 2'’3 ^ 546 c.c. at 273 ' 

' It would also contract at an tapial rate, below 0° Q., and 
hence it wo' ild become :— 

272- 1 272 c.c. at - r C. 

273 10 ^ 2O3 c.c. at -■ 10'C. 

273- 100 173 c.c. at - 100" C. 

Af -273° Cj, it the same rule held good, its volume would 
be reduced to 273 - 273 =--0. 

This temperature ot - 273° C., at which the volume would 
became o, it the gas continued to contract at the same 
ilite, is now regarded as the rc.d zero or absolute zero ol 
temperature, i.e. it concspomls to an entire absence ol 
heal, and ewnsequently no lower temiKirature is possible, 
All gast.,, in point ol fact,-become liipnd before this tem- 
jxirature is i cached and so cease to obey the rule. 

V If we wish to reckon temperatures from the absolute 
zero, mentioned above, since ,this is 273 degrefe lowei 
than tlio Centigrade zero it follows that we must add 27; 
degrees to each Ceniigiadc temperature in order to get th< 
9 conesjxmding absolute telnperature. 

If the tem()erature in. Ihe preceding table he thus coKi- 
. verted to Ihe absolute scale it wall be found that the 
volunics ol the gas at' different temperatures 'ar® 
■■’jxirtional to the number of degrees, on the absolute'^eal^ 
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This is a inosi convenient rule for calculating the»i*hange 
in volume ol .1 gas due lo ch>t?ige of tempo,ratur'. 

t 

Example 

Suppose s?e tiavc lou ca. of <11! at 15 ilL if? volurhe 

become at ;t/' C. and at o C*. t 5 

15" C. —273+ 15 • aSS degrees on the absolute sj alc. 

50'C.--27.'i + 50-=323 
o"C. - 273+ 0-273 

Hence when heatt'd from 15 ' tf to 50 t the gas expanas m iftc 
ratio 323 to 2H8 or 

Since ti c volume at 15 ' is ioe> 

The volume at 30' is 100 ■ -iii'f-' 1121 e.c. * 

WlBn cooled Irom 13 lo o' the ?ta.-> contrails in tlie ratio 
of 273 to 28S 01 ";,3 

Hcnr»vokmie .11 o' t'.- lou < ntJ -•14-8 e.c. 

As ill the case of hniiids the expansion ol gases makes 
them less dense, hence heated air always ttyids lo rise. 
This is t! : e;ii.se ol the upward diaught in a ehimfiey 
which i.s so necessary to draw in the ;ur required for the 
burning of the luo. The talli'r ihe chimney and the hotter 
the air in it the more p wiatnl will be the draught. • 

Some sy.stems loi the ventilation ol huildiugs depend tn 
the tendeiiey ol hi'ated air lo rise ; outlet^ trf Irequentl^ 
provided nettr the roof tor the esetqie of flic hot,•vitiated air. 

Winds are, generally speaking', produe'od by thanmequa' 
heating of the atmospheiv , the warmer air rises and the 
cooler air from a distance Hows in lo take its place,Jll^H 
iproduciing wind, whicli is simply a current of air or draught 
on a large scale. 

SUMM^IY. 

1. Solids, liquids, and gases all exiiajitl on lieatmg. 

2. CoctBciont of expansion 

Actual cxpai«»ion jn volume (or lei^lh) 

Original volume^or length)x IJJo.^of tlegites lisi 
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Hi'iri?.' actual expansion-'cocliirient x rise x total vokiinc 
(or l('ng11i).i 

Enormons lon-e ol <'xp*nsion and contriiction (hence 
allou.inel' in unis and lindRes). 

t'l? "s oxpand, more tli,»ii solids and liqiiitls, and all 
lTi.ve Uie Mime •'oelficienl, vi/,. or (10’/15. 

5- - -’7J' is (.'died ahyilult' /,eio.. , 

(1. VdiKfme Cl a Ras piojioriional to ahiuhttc leniperature 
( = Centigrade lenijieratiiie + ^73 ). 


F.xrncists. 

What \\»iiild lie the total ex]iansHin in indies ol a 
mile ol rail\\»iy line lor a use ol teni]ieiatine ol 20 ’ C. ! 

2. Wh.it riinoiinl ol plav should he allowed infill iron 
girder 50 feel long lo allow loi a range ol leiniierature fiom 
(C to loo'’ I'alircnlicit ? 

.sij. A brass y.ird nieasine is aecuiately graduated at 15" C. 
What \vould,be its li ne leiiglh at (C C. and at too ’ C. ? 

4. Ey how nineli would ,i like ol an expand when 
healed hoin o" to 20" C. ? 

5. 'A room contains 150 ciibi".' teet ol air. How much 

w'fmld he exjielled when the temperahiie rises Iroin 15° C. 
to 20'' C. ? '■ / 

I’K.itCTlCAI. E.XtktCISES. 

1. Support a lod ol iron (iirelerably 18 to 24 inches 

long) on wooden bloiks or boxes at each end. Put^ a 
heavy weight on one end, and let the other end fest on 
a tine ni'cdle, so th.it, wleii the rod„cxpands on healing 
with a gas bumer, it rolls II10 needle along. In order lo 
’.make the slight motion of Hie needle clearly visible. Stick 
the point thi'iingh the middle ol a light bit of straw t6 
act a'j an index. Try the ei’tect of heating ;md cooling 
the rod. * ' ' ’ 

2. II a piecf ol iron gas-pipn 2 or 3 j'aids long can be 
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obtained, let it rest on two liifs of glass tubiii^, with one 
end iilaeed against a iK'avyAveiglit and Mie ottier opposite 
a fixed millitneto’ scale. Ori |)assnig a rnrreiit .pf steawi. 
from a small flask or bofler Ibnnigli the tijbe, a j^rcasuis 
able ex])aiTsii n will be oblamtil. It will be (’oy\'^?)ienJ’'’lo 
use a pii^'C of wire Iwisrt'd tightly round *1110 end Vrt tfie 
tulre and ))iojeeting'o\’er the scale, as an inde.x. 1 , 

From the results the eoi'tficient ol expansion ol thi iijan 
dan be calculated it the teraiierature ol the iroi} when cold 
1)0 taken by slip|ring a tliennomeler hiside it. , 

3. Conjiaie the expansioi, of wafer aijd,alcohoj,*by 

faking two equal fl.isks (s.iy, 3 nz.), titling them with tight 
stop)H'is canying narrow glass liibe^ ol the same diameler, 
and alter filling with the liquids, placing then^side by side 
in a pafi ol watei wliosi- tempera Hue is kept sleadtly, say, 
at 50” C., until e\]iansion ceases (which will take some 
time). If the eapaeity of the flasks and the calibre oL, 
the tubes 1,0 f aind, the cocfticients nt ex]iansiou caiVbe 
calculalecl. * 

4. Weigh a sftiall stopjiered bottle (c.g a s])ecific gravity 
bottle) lull of cold water, then heat il up to 50° Q. by 
placing it in a vi*ssel of water kept at that temiierati’j-e 
until the water inside rc.iches tiiat ])oinl (it m*y Ire tested 
by removing the stopjier and inserting /I tijermomelef, 
but do not let the stopper become cold beloro p^itting it 
in, otherwise il will exjiand ancl stick in the neck). Then 
remove the bottle, dry it, and weigh again. Calculate 
wlfat fraction of the water has been exix-lled, and divTcling 
by the number ol dcgrctis rise ,ot temperature, find the 
coefficient of expansion. 

Strictly speaking, the fonnuki should be 


Coefficient of expansion = 


_wei ght expeffcd 

weight /ly/x r.inge of temp' 


5. Obtain a piece ofobarpmeter tubing cut narrow bort, 
sealed at one end, and containing som# ah' cf)nfine.d by 
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a short roJiimn of strong julphuric ackl. Moiisurc. -the 
lengih onnt air Column at va'rinus teinjanatures (obtained 
hy ])lacing the tube in wate?' at the required? temperature, 
but w^itli th<! piouth of the tube out of water),"and plot the. 
rJ^-Mlts'i..\s'’quare(( pajier. Tf the exiiansion 1!s uniform, 
TIiv? “ firapb ” f.iould l)e a straigW line. Ey projjuciug the 
line ^baekv/ards the volume of the ;fif at o° C. is found, 
and the coeffi* ient of expansion may be calculated. 

N.B. —Pa not jar the tube, or the sulphuric acid colump 
mayMireak ufi. 


CHAPTER XVI 1 

CALt'Rl.METRY, OR ME.-XSUKEMENT OF 
, HEA'I' ouantities 

Jf a hot metal ball be dropped into colil water, the water 
will become hot ter and the ball colder. Something, which 
we call 'heat, has passed from the ball to the water. If 
we weigh the ball carefully when hot *nd again when 
cold, its weight will be found t(j; be unchanged. Thus heat 
iSf not a material substance, and it cannot be measured by 
weighing. » 

' If wo run^iofio cubic feet of water into a reservoir whose 
area is looo square feet, the water-level will be raised by 
I foot, whereas if we run fhis looo cubic feet into another 
reservoir whose area is only 500 square feet, the level will 
bfc itiised by 2 feet. ' • 

Thus, in estimating the qunnfity of water in a reservoir 
we must take account boih of Ihe afJa or capacity of the 
reservoir and of the dcptjj or level ol the water. In A 
' similar* manijer, if we wish to know how much heat we 
can get out ^of a body, we must take account of its heat 
capadity and also of, its jemperature or he^t lev®'.' Novy, 
the heat capacity, as we shall .sc»t later, depends both pii 
the yi*eighl of‘th« luodyand cm the kind ot material. 
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Let us consider somi! preliminary experiments wrtlr hot 
and cold water, which can Ird'rcadily mixivd so-as to reach 
a uniform ter«])erature. 

, First suppose we mix p<|ual weights (say, 100 grams 
of each) lii cold water at io'’ C. anl warm..,«'\ter mt 
50° C.; ^he resuhing iraxtiire will be f mnff to bo 
30° Cd Thus llu^lvarm water in cooling 2',>“ C. ,has 
just furnished sufficient heat to raise the cold viater 
C. Again, it we mix, say, 100 grams of hijt water at 
50° C. with 300 glams of cold wateu at 10° C., the result¬ 
ing temperature will be Jo° f., i.c. flie loo^gr^ms (ff^Jiiit 
water in cooling 30“ C, has only j-ielded heat sufficient to 
heat yie 300 grams ol cold water loJ 

It will bi' observed that the nuinbet of gjiiiis of hot 
water n«iltiplied by the number o^degreesits tei^iperature 
falls is equal to the number ol grams of cold water multi¬ 
plied by the number of degrees its temperature rises.. 
Tims it ,.p' ears that the quantity of heat giverf or rcceiwd 
by a mass of watei will be jiroportional ti^ the'weight 
of water i.mltiiiied by the rise or fall of tem])erature in 
degrees. 

It is thciefore convenient to choose the following as o-jr 
unit of heal: the thermal unit or calorie isjhc quantily 
of Mkt given out or received by one gram of*u'a£er udicn itf 
temperature rises or falls by /° C. 

The British thermal unit is the quanniy oj neat 
required to heal one pound of water 1° F ahrenheit, a nd is olten 
used in^enginoering wtirk. 

Let us now consider an •■xjieriment in which we mix 100 

* The vessel which contains the inixluir; will absorb^some of the heal 
and interfere with the accuracy of tlu^rt-iuU, (nil this can lie overcome 
either by making llie ir'cturc fir'jl in the hot vessel ^nd transferring 
it to the cold one. or by making an allowance fdr the heal capacity of the 
vessel. If this be of copper or brass, it may be lak^n as praalically 
^ its w^ht of Valer. Thus if it weighs S$ grams, it will absorb ^ 
much heat as 8 grams of wifer, a«d hence we use S grams less of the 
-qohJ Water.. 
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f;rains*of iion tacks Iieatcd,surrounding witti steam, to 
100" C. xvini KKigiams ol w'ttcr at lo^ C. The resulting 
■temperature will he louiid to he abuiit ip'^C. Thus the 
iioniji coolijig tti" C. lias only yielded sulli’oient heat t« 
^dse 'ti .;(i'ual wfighi ol \"ater <)“ {i.c. only*',', as many 
"rt'egii'es). It Mms apiieais tluft the heat capacity of the 
iroij IS only about or -ii ol tliat ‘of an equal weight of 
xyater. 

In a si\nilar way it might l>e found that the heyt 
capacity of lead is^ only ahout or -031 of that of 
wal.cr. , , 

These nuyihers which indicate the heal capacities of 
ilitferent substances 'as compared with the '.amc‘weight 
of water ai*;- called the specific heats ot the substances. 

We ipay state hritifly that for any suhstJnee the 

specific heat 

_ qu.mlitv 1 I lu M UTjiiih'd i-- ch.tiu;'- ijiv* ii u-Midii snbsuintt ij j.'. 

® cjUcintH) < f lit dUi'quin (11<. c!i.iiij,;c j^ivcn i-f watiT C. 

In the aliove cxqieriment for finding the .sjiecific heat of 
the iron tacks it will be observed that t'lic e.xcess heat of 
thoiion was transferred to 11 ti’wit'ii weight oj water, which 
Sated as a heat rescivoir of known capacity: and, by the 
rise in ten*, pera turn produced, the quantity of heat given 
up by lhc,«roii was estimated. The inoasiiieinent of heat 
quantit; s is called calorimetry and the vessel containing 
the weighed quantity of water is known as a calorimeter. 

A very siuqde experiment to show' that iron has a 
higfier sjx'cific heat than lead is to take equaKwei^hts 
of iron tacks and lead, shot i'li sejiarate test-tubes and 
place ilieni ip ,1 vessel of boiling water until they reach 
100" C. Thmi quickly i^.ransfer the metals to equal 
weight's of cold water, at the same temperature, contained 
in two calorimeter's, and test the final tcmjieratures by 
means of a differa-dia! air therraomete»; The water, 
Kcated by tliehron will be found‘hotter than that heated 
by the lead ’ 
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Temperature of a Furnace by Calo|imfetry.— 

Ml interesting application <fl llu' ('alorim*'trr is* to find (he 
empiTaturc^if a luniace hy using a iiii.s e ol metal who'ii, 
■pedfir heafis known. 

Su|)]X)si* ! ii instance, we*take an •iron fiu' weijrijfng 
JO grains^and |)]aa' it iif'tlie liirnafe iinti# it*ieael».-s tnc 
•anie t(‘ni|ierature,*a’inl then tr.iiisiei it to a (ialonipeter 
■oiitaining joo grains of water at a known <emj>cuu-ne^— 
ay 10° C. The water is then well stirred unfl (he final 
emperatnre is nnitoim, and we wT suppose this to bo 
C., 11’ tiie water has l>een heated ’5" 

The nninber ot tie d units rerei' id hy me waier is 

^ 1^’ 

,;oo X .;j--7S00. 'i'lus heal mast teave eoine troin ttie 
healed .ron. 

Now ^0 gr; Ills of vvater in eoolitig i" C. woiug give out 
50 U'dts 01 heat. Hu, rdr.ce the speeifie heat of iron is 'TI 2 , 
tlie 50 grams of iron will give out 50 x-112 11111(3 = 5-6, 
units ill <■ jlinj. 1“ C. * • 

■ We ha'a; now to tnid how many degree's tile idm must 
cool to yield lift' 7500 units which were reeen'ed hy the 
water, t.c. we must fin 1 Iv^w many times 5-6 is conliyned 
in 7500, lienee :— a 

The minihei ol degiees the iron has oeok'd = ^^^- 

=■1339° ^ * 

■ But as the final temperaluie ol the iioii wajj^ j5“ C., 
the original teinpeu tnre ii.c* temperature of furnace) 
= I 3.39 + -15 = T 5 ; 4 " ('• 


The High Specific* Heat^ of Water. —As water 
is the. standaril ol ccTmpanson tor speeifie heats, its specific 
heat is, of course, i, whereas 1he,specihc heats of practically 
all other substances are rciircscnted hy fractiiyial ntimbers, 
less tlian l. Thus, water has a greatef heat (;apadty than 
other sr^bstani^s, hence it requii^'S njiirc heat to rajke its 
temperature, and who* it .cools it gives •out _ more hedt 
■ than a correspon(ling_weight ®t any«otiier«ul 5 sla!hce. 
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This‘iacLhas certain impcv'tanl prachcal consequences. 
Water is a’’very, effective ineduini loi storing and dis- 
.Ij'ibnting lieat, and is used for tliis ijurposi,; in heating 
buildings by hot-water pjjies and in railway curriage foot- 
w.vcmeiT, ..(Ill the use ol watir in the condensers’ of steam- 
cftj^ine.s we t.-ikt advantage ol thf same property.,. 

It,, has ijlso an iniiiortani influence upon climate, thus 
the tcmperatliTC of the sea rises and lalls much more 
slowly tlia^ that ol the land, because a larger quantity, 
ol liyal must be adij'd to, or removed Ironi, the water 
tojirtidiicc', a corresponding change ol temperature. On 
this account, places near the ocean are not subject to 
Wi’ same eiitremes of, temperature as are tound torfxist 
in the interij r of a huge eoiilinent. 


SuMM.aUY. 

1. Qiiantii'y of heal in a body dejiends on (i) tcmjiera- 
tiire, {!>) quantity ol mati i lal, (c) kind ol yiateriaJ. 

2. Thermal I/iih. —The quaiifily ol heat lequircd to 
heaf'i gram of watei 1“ C. *' 

Brith/i Thermal Uitil. —(Jiiaiitily ol heat required to 
\ieat I lb. o'! wjlei 1" F. 

j. S/ieii/ft Heal 

_ tjii.iniity ol ill .It it-quirt tl to lit.H {'ivt-n wfiold of siil-staiici* i” C 
(ju.niUty of It’ ;ii re(|iiiie<l to heat s.nnt‘ of water i" C. 

* ' ‘ .0 

4. process oi lindirg heat qinvitifies called calorimetry. 

5. Teniix'rature of furfiace by findhig qinintity of heat 
given out by Enown neiglit^ol metal healed in the furnace. 

C. Water has a liiglier specific heat than other sub- 
stanec.'s. This is lulportaiit in healing buildings, and in 
its effect on Oimate. 
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tXEKf.ISKS. 

1. How many Bnlisli thonmni units will n (;> llon oi 
water (10It's.) tjive out in eooliiiH froin'i^oo” f '101)1)'’ f. ? 

2. How many ealories*\viU be given ont*l)y a kilogram 
of water in eooling*lrom 100” to 15" C. ? 

3. Taking llie sjiecirie iieal ol iron as -ili, timl liaw 
»nany degrees a li'ra ol watei (1000 grams'/ would ltr‘. 
raised by tbe heal given out by b;(JI a kilogram ol'iron 
in cooling lioin 100" C. to 20“ €. 

4 A eop'iir caloi iiiieler weighs 100 grams*; taking tbji, 
speenii- heal of (opr.er as -oii^, find thf weight of water which 
would leqiiire the same riuantity of heat lor ^vi-ry degree 
its teniiTerLdiue is rae.-d, as the cop[)er vessel requires. 

(Noll-,.—This weight is called the “ walei cqiiivalcnt^ot 
the caloriii.eier.) 

5. If ! e 'On. ning ol I lb. of coal yields I.^.ooii Brit* h 
thermal units inid how many gallons ol water woiikl be 
heated fivi.n (lo'-’V. to 200“ F. by binning 5 lbs. of this coal. 

6. Being told tliat ''le ;«indensation ot i lb. of exlmust 
steam, and cooling the resulting wa 'r to 100" F.. liberat&s 
1056 British thermal units, find how' ni^iiy* gallons of 
condensing water at ()o’ iiiiist be allow'ed 1«- the con¬ 
densation of each pound of stea^n, so that the tenl^ierature 
of the water may not be rar ed above 100" F. 

7. An iron b.rl i.-cighiug i lb. is healed to the tenqjerii- 
turc of«. f.irna.e, amt plung' d into half a gallon of water 
at 50° F.; the residing i(*n])erakiiro is found to b(' 100° F. 
Find the temperature of the iurnaee. 


Practical Exercises. 

I. Mi,". toge*hor equal weights (saf, 100 giams^or 50 
grams each) ol cold waftir and hot water,'say, ^it 50° C., 
and find the resulting temperahire f fc-st^ouning theicold 
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water iiiloflio hot, and theit pouring back into the hrst 
vessel, so, that 1x5th vessels (which should be of the same 
<Aze) reafh the same final teini)erature. 

^ 2. Miv une<|ual weights of hot and cold water, and ' 
talidlat^' hr,‘each case the lieat given by the hot water 
(wcigllt X falV ifi Icmpeiature), ;Tnd the heat received by 
■Mie .'old .water (weight x rise in t.'mpcrature). Are the 
quantities nearly ecpial ? As the luuiibers are large, the 
ilifterencos^uay be consiilerable. ‘ 

p 'Heat ,50 or lof grains ol lead shot or small iron 
t'ltki'in a' las (-tube surrounded with steamer boiling 
water until they reach y<)" or 100^' C. ; tiansfer quickly 
to an equal weight dl cold watei', and find the ilSe of 
emperaturo (being careful that no hot water is transferred 
vilh the ,'nelal). Compare the fall in temperature ot the 
nctal with the rise in temperature of the water, and draw 
'onclusions as to their relative heat capacities. 

^fspyn-;.—-if the mixture is made in a copper calorimeter, 
he latter may be taken to absorb as much heat as -,'o its 
weight of water, and a correspondingly smaller quantity 
:)f cftld water used.) 

*■4 Convert a good Bunsen burner into a small lumace 
by sun minding the flame with two fireclay crucibles, with 
the bottoms knocked off; tlicii place an iron nut on a 
wire trw'.igic Ix'tween the .crucibles. Wlien the nut is as 
hot as possible, .piickly transfer it to a calorimeter con¬ 
taining afiout six or eight times its .weight of cold water, 
and, by finding the rise of temperature, calcuKite the 
temi>eraiuve of the iron, t, 

(Note.— Bc/.carelu! to stir up the water until a uniform 
temperature is reached, arfd do not read the temperature 
until itVcascS to rise.) 

5. Make o' migh comparison of the specific heats of. 
water „ind paraffin by taking the times (il. mimStes and 
seconds) leqqired to heat equal weights of water and 
paraffin in u mfta> v'esse\ fieated by a constant flafne, 
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until thn temperature rises, 'say, 20“ in* cakli cjisd^ the 
liquids bein'; stirred all tlu^timo. (Students Should work 
in]|^pairs, t^nc^acting as limeksojicr.) 

6. Make a more aceiir.ite determination o[ tin' spcciftc? 
heat of nuafiin by ])lacmg joo'fjranis^ (noli 100 c,c.) of <1 
in a calorimeter, )ioiiripg in 100 grams qf lea^ #not 
previously heated |(i loo A',, and noting tl*e final tempera¬ 
ture of the, mixture. Taking the siiecifie lK**t of»lead' 
as -031, calculate the liiail given out by thy lead, EUid 
*snbtracting the heal received by the calolimetcr, the 
remainder vdl be the heal rei idved b|' the paraffin, Jl^now- 
ing till weight and rise of lempeialuM' ol aie'paiaftifi, its 
specific heal can now be calculated. 


CHAPTER XVllI 
MELTING OR FUSION 

It is W'-'l kll(^vn that many solids, when heated to a 
sufficiently high temp' ratine, melt, or change to the Hquid 
state. The temp‘'raturc at which this change takes pljce 
differs greatly with different substances. Ttn*s, wax melts 
in hot water (c.g. beeswax melts at about*55‘’^C.), wherets 
lead must be heated lo 330° C., and c.ist-iroi|^to about 
1200° C.; and some metals, Such as platinum, must be 
heated to a tenqx'ratiire higher than that of any ordinary 
fu^nac^. 

There are other substances, such as wood and coal, 
which do not melt'at all, but, \^ien healed, undergo other 
■changes of a chemical nature., 

• Again, there ait substances, such as chargoal and lime* 
so refractory that no known source <A heat js sufficient to 
liquefy'themfc 

On the other hand, liiera are many substances which ifre 
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liquicl iij tWorcfiiiary tenipri aturc, but which become solid 
when suffiijiently^ cooled. 'I’ljus, waler forms solid ice 
below o“ C., and at Ihis s;ime temperatme ll^e solid melts 
and fonts water again. The liquid metal njercury only 
<*olidificj-.:it C., and '.'ilcqhol or spirit of wine must be 
CQpied^to a\jil^ lower teinperatujp betore it solidifies. 

It may be shown by e.xpeiiment lhal„for each slibstance, 
I'herf IS a'defjnite temperatme at which melting (m the 
case ol sobds). or solidification, or freezing (in the case 
ol li(piids),' takes jilace. This temjierature is called the' 
meltiug-point. Wefnave aheady seen that the melting- 
poiiii ot ice,'Ol'the freezing-point of watei, has been cho.sen 
•tiit».vue of th< fixed temjK-iatiire.s loi the construction ol 
thennometei( scales. 

If we lakd'some ])iece,s of ice and pour hot watfi iqxin 
the.in, and',' after stirring up the mixture for a few moments, 
we take the temperature, we, shall find that it is still o“ C., 
'm Ignite of tjie heat sujqilied by the hot water, but it will 
be obser.ved that some of the ice has been melted in the 
process. This illustrates the inqiortant fjet that, during 
the process of melting, the temperatuie remains constant, 
whatever be the tenqieraturo ofMie surroundings. 

1 f we next mix some salt and broken ice, and test the 
t^miierature, \w .shall find it to be consideraVily below 
o® C., in fatt it may fall as low as --22°C., and at the 
same tinfl'it will be found fhat much of the ice is melted. 
This shows that impurities, such as salt, tend to lower 
the inelting-point, and it explains why the salt water,of 
the ocean is so much more difficult to fieeze thift fresh 
wafer. 

There are so'iie substances, such as butter, and sealing- 
> .rax, an<J glass, and wrcught-lron, which do not pass suddenly 
from the solid to thqdiquid form at a definite temperature, 
but which, or! heating, first become soft and plastic, then 
form'very thick .viscous liquids, an^ only at a considerably 
higher temjto itqre do. they .become quite liquid. They, 
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pass, as it wen-, throiigli a stale intermedi’ite -leiwfeit solid 
and liquid, and they eanjol lx- saitl ^o ha je a* definite 
nielting-i)oiijt. 

This jiiopeity is of .great piaeueai inipouanee* thus,Id 
the casi- «f wronght-iron. vvliyi it*is inajle red-Jrol il is suffi¬ 
ciently jilastie to lie sluq.K'd by the blows olhaii^dl. or 
by the fillers betriic^'-n which il is squeezed in a rolling-mill. 
Again, glass, which at the oidniary teiiipeiaNiiie is etff 
tremely brittle, when healed beronies soft, 
enough to be bent, 01 moulded, or blown (b^ 
air jrressure) into the required shajke, at teni- 
peiatures tar below that at which it becoTue's 
quite thud, A hiilher .idvaiilage is that when 
in this semi-lluid condition, two pieces may be 
uniledjinto 0,10 by thi- process ol jvelding ; t^is 
is much .used by the smith iu working wrought-* 
iron, and also by the glass-blower. 

The change fiom the solid to the liquid state 
is alw.-ii'. accomjianied by a slight change ,ol 
volume. Thqs, iei- occupies a somewhat 
greater space than the water from which il 
is foimed, hence a jioftnd .if ice takes up 
rather more room ihan a pound of water, 
i.e. the density of the ice is smaller, and this 
is why ice floats on water. • 

The change in volume is •easily shown by* 
putting some jiieces of ice iu a flask, tilling 

with water. and*attaching a narrow tulx'. On placing 
the fAsk in warm wato;-, it will be tound that, as the ice 
melts, tiiCic is a fontinuous aontraction indicated by the 
steady fall of the water in the stem. » 

The expansion which occur? when water freezes, althougS 
small in amount taia-s place with*,very g^teat force, and 
this accounts for the bursting of waler-^iipcs, •nd the 
splitting of rocks, &c, in time of frost. Jt has been shqwiT 
that a thick iron bomb-sfigll, when quite {illtd with water 
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an'fl ^cyrel W plugged, fan b;' burst by putting it out in a 
keen frost. I'lt is quitt; easy t^'lmrst a luill) made of strong, 
thick glass, by tilling with water and (dosing^ the end by 
Irfelting the glass, and then placing it in a freezing mixture 
(sl ice an4 salt. 

ManV'sofii^s expand instead ol,con1raetmg on melting. 
Thus, if we melt some irarathn wa.x, ,and drop' a lump 
J thf solvl injo the liquid jiortion. we shall liiid that it 
do«s not float like iee, but sinks to the bottom, showing 
that the li'uid is less dense, and therefore occupies a 
greater,volunu- than the solid from which it was formed. 

Tin. qnesttou'ol expansion or contraction on solidification 
rsuil. considcra-’ile importance m making eastings. Thus, 
if the liipiid which fills'the mould contiacts on laecoming 
solid, the, soli^'l will not completely fill all the corners and 
crexuces ofdhe mould, and the casting will lx; lacking in 
shafjmess, and will not be an exact copy of the mould, 
■©n the other hand, if a slight e.xpansion occurs im solklifi- 
cation, this will force the metal into every crevice, and a 
sharp fasting will result. ^ 

Lead does not form shaip castings, because the molten 
metal contracts on solidification. 1 his makes it unsuit- 
ablt; for casting the type used in printing, but, when 
alloyed wilh'a little antimony, to form type metal, there 
is' a slight expansion, and the necessary sharpness is 
obtained. <1 

l^atent Heat of Fusion.— We, have already se^n 
that when some hot water is mixed with icc the leitipcra- 
*ture quickly falls to 0° C, The heat of the hot water 
seems to disappear mysteriously, without raising the 
'^,'mperature of the ice. in 'ihe slightest degree, but we 
must no't forget tha.t the hot water has produced the" 
import2nt effect of melting some of the ice, and the more 
•hot water we use, or'ihe higher the tempefature of this 
water, the tporc ice will be melted. 
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It can Ix: shown by experiment that, if we rnx j,gAiri 
of water at 80° C, and 1 grar^'of ire at 0” C, thj wl/ole of 
the ice is just yiclted, and wo get 2 grams ol wator.at 0° C. 

^ On the olhpr hand, if we mix i gram of water af So° C.* 
and I gram of water al o’ ('.,,wi' Shall qbtain ^ p'ams of . 
water at 40° C. , ' " 

We ma^state the,t'.vo resulls as follows 
I gram water al 80" + 1 gi am icc at 0° C, = 2 gi a Ns winter * 
al o" C. ' 

‘'l gram water at 8o" + i gram water at o’ C.ti grams* 
water at 40" t.'. 

In the hist rase the i gram ol wau'r ts rooiea 10 otv... 
(i.e. through 80" C.), lienee it gives out 80 mtits of h(^< ^ 
Tliese 80 uir's ol lie.it must have passed to the ice, 
and havijjonly 'ause.l the ire to ujelt without* raising its 
temjierature. The heat which is consumed in thS way jji 
melting a solid without raising its tem]>erature is' called 
the latent heat of fusion. ITnis the latent hea.t ot lusiijn 
of ice is 80 If we use the British theimal unit^ thi; latent 
heat is expressed Jiy the number 143. Thus 1 lb. of water 
in cooling 143" F. gives out just enough heat to melt I lb. 
of ice without raising its tcift|)er..lure. • 

The large quantity of heat used uji in melting iefe 
explains why it takes ice so long to melt ijfter the thaili 
comes, because all this heat must be imparted»to the ice 
by the air and surrounding objects before it can iiitlt. It 
is well to note that exactly the same (piantity of latent 
heat, is set free when«\valer solidifies, and tliis is why it 
takes so tong for the ire 01^ ,i poml to become thick, even 
when the frost is ke««n, beca.isc all this latent heat must 
be,4bstractcj from the waiter in the jirocess («f freezing. 

Solution. —It is weli known iliat s^me sotids, such as 
salt and sugar, when shaken up with water, afe gradtrally 
liquefied and tfflx with ^he watei’. l*nis process is.quitq 
difierent from that of melting, for the solid i^ in,this case 
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li(]U<'ft('(l,yiot by beat, but Vj,' contact with the liquid water, 
alllioiigh ft is tii'.ic that heat«iltcn assists the |)rocess. 

^ Tins firo'ccss is called sol\ltion ; the solid.is said to dis¬ 
solve in thewatei, and tlio mixture is calitvl a solutioiV 
T^hc iq'ByuKt' of solid wiiicW a given (|nanlity of waiter can 
(bssi<ive. is>hijnted, and when fke limit is reached it forms 
a saturated solution. Hot watemvill geneially dissolve 
more iff tlio solid llian cold water, and some solids 
dissolve ^lore Ireely than others. A substance which vvHl 
'dissolve in water is said to be soluble, and one which 
)ivill ’not dissolve is fhsoluble. 

Tllne important jioini ol resemblance betw'cen dissolving 
’’ff-.'d melling' is thal ,in both 1 ases latent heat is consumed 
in the process, livery amateur ])hotogiapher knows that 
when, he dissolves ‘'by]>o'’ 111 water to make* a strong 
spliition'the liquid becomes very cold; this is (hie to the 
latent heal used up in liquelymg the solid. Some very 
sfilnble '-rWistances, such as animoninm nitrate, consume so 
much heal, in dissolving, thal the solution falls below o°C., 
and such aie, sometimes used as “ freezing mixtures,” 

SUMMAKY. 

1. Each substance has a dehnite nielting-point. 

2. liniiuiiti'.'S lower the ineUing-point. 

3. Sotrfi; substances, as glass and wronght-iron, soften 
long before Ix'coming liqvid. 

4. There is a change ol volume in melting or. 

fraezing; thus ice has a greater vokiine than water. 

The exjialision occiiis with great foice. 

Many substances contract on solidifying—this is bad in 
casting. 

5. j-atent heat is consuinod when a solid melts. 

To melt i gram.'of ice requires 80 heat units. 

bfSolutihn is liqueiaction by contact with a liquid 

• solvent. 

Substaflces mav be classed as soluble and insoluble. 
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Practical, ftxKiiCisES. 

1. CoiniKire«llic tcmjK'ratuio of ]iiire melting "ico willi, 
^hat of a mi-vture of pouiidcil ice and salt. 

2. Find llio nielting-pulnt ti iKUallin Wax‘itAi mijling^ a ‘ 
little of it in a nanow amk tliin-'v.dled gla'js ^ube, ^akd 
at the botloni, ami fastened bi:side ttie Inilb of a ther¬ 
mometer. Fix the thernioineter with thu; Inflb in a 
l^eakcr or flask ol water whose fempeiatnre is'gradiMlly 
raised until the wax melts, as seen by its becoming rle^ir. 

3. Mix approximately eipial weight ol ice ;^nd Iwilinj; 
water, ami lind the lesulling tem|)eritnre.‘ How many 
degre'S is the hot wafer rooted.^ t^ow many degrecii'is' 
the melted ice Incited .f The dtJlerenee is acYounted for 
by the 4 ieat usi-d in melting lhc>»ice. How many heat 
nnifsdoyou conclude would be, required to meh^ jfSL-m 
of ice. (Note, that since the weights of ice and water are 
ciiiial, file resulting temperature, will be the same whetlmr 
we use I g am i i each or 100 of each, 01 any otiier weight.) 

4. Find the mil in temper,dure when 10 grams of 
powdered washing soda are dissolved in 100 grams ol 
water at about 50° C. 


CHAPTER, XIX 
HOH.lNi; 

The chTinge from the li^piid state to that 01 gas or 
vapour, liy iho profess of i)oili*g, has several points of 
raitmblance to that of nieltiim. Thus ea«li liquid has 
a,definite boiling'-point; i-c. tlie change takes jilafe at.a 
particular temperat..rc. During the Jirocesslhc tempera¬ 
ture retrains steadily at this point,,howev(?r stroilg the 
source of heat; the onlj^ctlect of increasing^he heat supply 
is to make the liquid change jnorc qpickli^ ta Vapour. 
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\'C'e ^iia\lstu(ly (he proctss by boiling some water in a 
gltiss flaslq It ^vill be seen, that, as soon as the water 
begins t« boil, the surface* becomes disturbed by a kind 
of eruifdon, caused by the bubl>les of steam, which are 
»forme(^ ^n ,the lifluid, 'risigg to the surface,,.and there 
bjrst^ng and ^escai)ing intvi lhe,s])ace abo\'e. llic steam 
above the li(iui<l is cpiite invisiliie,. Jike air, Itut at the 
'mo'dh (jC thg flask theie is a kind of cloud or mist, pro- 
(hiced by,the condensation of the steam into exceedingly 
Mmall liqifid drops, by contact with the cold air. ^ 
therivometer placedfin the steam should indicate a tem- 
peftturc eff it)o° (■ ,1 but il it dips in the liquid it may 
^o«nrd a sligtitly higher tcni|>eralurc ; thus, in determining 
boilingqioii^ls, the thermometer bulb should ;dways be 
placed in tlic vapour, ."gad not in the liquid. ^ 

J.f we'hoil salt water, we find that the boiling-point 
is higher than loo" ; thus the jirescnce of impurities 
rinses the J')oiliiig-]iouit 

The steagi fioni the .salt water very soon falls to loo” C., 
and it contains no salt, for if w'e condense it to water by 
cooling, the water so formed will be found to be free from salt. 
Thfs process of boiling a liquid’and condensing the vapour 
back to liguid in a separate vessel is called distillatii^J 
^nd is olten used in purifying w'ater and other liquids, 
impurilies*'t')eing left behind in the boiler, or “ retort,” as 
it is called. « 

The condensation is generally effected by causing the 
wipoiir to pass tuiough a long coiled tube (called a wqrm) 
lying in a tub, through which a,stream of cold waffcr flows. 

The change in vohim«, when soliii; melt is small, but 
when a liquid boils the expansion is enormous; thu^a 
cubic jneh of water iorms*nearly a cubic foot (1728 cubic 

' . ‘ * . *. 

’ l'rovitl“(l iho atmos*)hcric pressure as indicated by the baromctei is 

nornii^^ (/.t. 30 inches, more accurately, 760 millijpcties mercury)'* 
»n(l th?L ihe siennas well as the bulb of^he ihermomeler is surrounded 
with steam. • 
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inches) of stoarn. This expansion, if resisted, t'jikes’ prace 
with enormous force. This torce is usehHly ciAployed in 
driving steam*cng!ncs, lint it may cause serious disasters. 
<m the way l)f boiler explosions unless the boilers are 
strong and provided with pr(?|)er safcty-valvr^i. ♦ ^ ’ 

Change,, of pressure hdsc an im])ortant jifjnct oiV tLe 
temperature at whidi a liquid boils; thus, if the^ pressure 
be increased, the boiling-point is raised, where; is. li ‘lio ’ 
pressure be reduced, the lirpiid may be made tb boil laV 
below its normal boiling-point. * , * 

This fioint may lie illustrated by’’a very sjmpk' and 
curious exporiment. Water is first hoilcd in a strong 
flask sint’l the edeam diive.soul the, 
air. The flask is then coikod and 
inverted? If eoUl water be now 
poured on the outside of the flask, 
the water inside tx'gins to boil, and 
the more ci'ld water wc pour upon 
it, the m u’e boisterously does the 
boiling take irhwe. The secret of 
this remarkable experiment is that 
there is no air in the fla.sk, conse¬ 
quently,^ when we condense the 
steam in it, by the apjilication of 
cold water, there is a partial vacuum 
created inside, and under the* re¬ 
duced pressure the water boils even 
in Spite^of its being cooled by the 
cold water. 

The reduction of'pressure by*an 
aIPpump also causes water to,boil 
btlow 100° C. It is well known to ^ 

travellers that, on a high mountain, \Ater boils far below 
the ordinary ^diing-point, on pcccgint of the reTluced 
pressure of the air. 

On the other hand, in a •steam-i)qiler» wn^ic sieain is 
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gencnrtcd^nder considcralVe pressure, (lie boiling-point 
ol tlic‘wa(*‘r is ftr above (be Pirdinary lioiling-poin(. 'I'hus, 
under a •jiressure of 200 lbs* on (be square ^neh, which is 
no( unrouuuoii in locoinolive boileis, (he boiling-iKiint ot 
•water ^s ot ;pSi“’F. 


Liatent Heat of Steam.- -\\'heR water is convei-tcil 
into ste.lin ;* much f;ri'ater (|uan(ity of lieat disapix^ars, 
(ft' is eonsluned in the jirocess, tlian in (he melting of irg. 
Thus, whereas the latent heat ot fusion of ice is 80, the 
Ijitent lieat of steairfis no less than 5J7 (or q66 if we use 
British therihal units'). This means that it requires as 
“inw h heat *lo convejt i gram of sloam at 100° (i into 
water at ioji° C. as would be suHieieiit to heat 537 grams 
of water 1° C, This (•cplains how it is that it ^loes not 
t.iic nearly so long to laise water fioni the ordinary 
_ temiK-rature to the boiling-point as it does to cause all the 
w»ter to b»il away, for to heat i gram of water trom the 
freezing to*boiling-]loint only lequires 100 units of heat 
(or 180 British units ))er iioiind of water)* whereas to boil 
it away n'quires 537 units (or <)6() British units jier pound). 

, Conversely, ol course, a gram of steam at too” Cj'lrquld 
gjve out ,'>37 units of heat in condensing to Waiter at 
;t()o° C. The table ol the latent heat of steam, which is 
of great ^'mjiortancc to engineers, may be found by passing 
the steam into a weighci? quantity of cold water, whose ' 
temjieratuic is known. The steam condense'; and imparts 
its latent heat to (he water, and afso a further jjuantity 
of heat, due to its cooling belc*.v 100° C. If we lake the 
temjicrature of (he watfr again, the rise indicates the 
quantity of iC’at given up,by the steam, and by wcigliBfg 
' it,again, the gain in weight indicates the quantity of steam 
used. 

' The reason wh) the tlleiit 'tieal in Ttritish units greater*is that in 
the British unit we*u.se the degree FahrenMCit, which is shorter than the 
Centigrade uVgret in,'he rataa of 5 :9. Titus 537 is {■ of 966. 
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Examples: ^ 

Steam is passed into kx> j^oa, is of water a*j 15 »>. umil the 

iciiiperature •caches 35“ C. 'Die j^atti in w'eii^lit due to ^he steam 
.5 3*32 grams. ^Find ilie latent iieal of steam. s 

'Die TOO grams of water are licated 2'>' and th^refoie teceive , 
100 X 20 ■•-2000 iruls of heat. 

'I'his hcibS.comes from i)ie 3-3V/giams of steam. * 

Hence llie licat fi<n1l each giam of steam 2txxj f 3-32 -602-4 
units. 

^Uiit the condensed steam IS (.ruded from i(K) ‘to 35’; i.c. 65' fdY, 
by which each gram \v<ai]d give out (.3 heat units, * * 

Hence the latent heat —^m:> 2- i ■ 03 - 5.>7--»| 

Till iiigh latent luMt of slt'aiu explaiir the large (jiiaiidty 
of coi^h-nsing walm uajninal in a conda.nsing i-ngine. .n* 

Suppose tiiat roudensin.; watei is supplied at f)0' and leaves 
the hot wn,yll at 100’ I*. ; imd Iniu many gallons of water-will be 
required joi cadi pound of steam used. .r.,. 

Using Uritidi units, we hud that each pound of steam gives out 
566 heat units ot latent In at m < ondensmg,' ami also 112 units in ' 
"oolinjj fr( m ■!': to itkj' h'. 

Hence the total hi-.n j^ivcn out pci pound of stc-.iiii’ 1078 units. 

This heat .'.oes ;i*the ivutcr, and heats it from 60 ' h, to loo' F., 
!>. 40“ rise. 

Hence e.aclr pound of \v;i ,r receives 40 units of lioat. 

Therefore to take tei tlie 1078 licat uoits pircii 1 #’ the steayi 
rttquires 1^78-^40: -2f'"j Ihs gallons (since* "alloii of water, 

= 10 lbs). 

Kv,\P(tRA'»ON. 

It is well known lhal a |io('l ol water f;ra(ln;illy tlries np, 
svefl at^thc ordina.y lemporatute. This is dtie to •tlTe 
water bcinj; converled in*o ’apour by a silent and in¬ 
visible process, called evaporaAtn. Tlie change is, in 
riWity, (he same as‘that wbiclj,occurs wheiXwater Iroils, 
3 i*ly it tcukcs jilacc urdtr very dd'leient, conditiom. 
Whereas boiling only lakes jilaoe at aYarticnlar tempera¬ 
ture, caMed tlr* ixnling-point, evapomtion goi's on at all 
ardinary temperatures.* Again, in the c*se ^of b'oiling; 

^ Asbuming lhal condensation ficcurs at^lgios^Aienc.nrebSure., 
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iiieiL-'is f visihlf! c‘iu()tiog of vapour at the surface, 
wliert'as ift evaitoratioii the ff.ii'face is undisturhod, simply 
^becausc'tho va])our is only produced at (In' surtace, and 
not in the interior ol the liquid, as m the cuse of boiling, 
TJiis heing'so, it* is easy t») uiuteistand why *che rate of 
evaj^iratiOB iV'pends on tue esirnt of surface ; ^uis water 
fiviyioiates nioie (juickly when exposifd in a shallow jilate 
than wlien tiie same cpiantity is placed in a cup or other 
nari'ow v8ssel. ^ 

of eva])oration dejicnds on several other 
thinffs ; t^ius it is ’fell known lhal wet I'lothes dry more 
rapidly on some days than olheis. Oilier things being 
‘e(lT.al, evajxiration gpes on moie lapidly when tin* tem¬ 
perature iS| high than when it is low. Hut iwen when 
the temperature is the*same, eva|ioration may 1*ke place 
ij-iw;' nuickly on one day than anothei. This depends on 
the fact that, at a particular tem])cratuie, the air will '“t 
rcg.ain a Irnited quantity of vapour ; when this lim 
reached, tlifi air is said to be saturated, and evaporatSTE 
then ceases entirely. 

pie rate of evaporation de|)ends on the dryness or 
(Vmqiness of tfie air ; i.c. how far it is removcil fronj the 
ppint of saturation. 

, Wind promfites evaporation by constantly removing 
the air year the source ol moisture belore it has time to 
become saturated, and rfplacitig it by fresh air further 
removed from the saturation jioint. 

It requires more moisture to saturate the lyr When 
warm than wdicn the temjieiatire is low, and hence a rise 
of temperature jiromotes tiva)X)ration. 

If warm ''ir, containing a considerable quantity*bf 
viipoui*, bo joolcd, a femjierature will at hist be reached 
at which this vapofir will Ik“ sufficient to saturate it, and 
rmy further cooling,will., •'csult in some, ^ the rioisture 
itondefising to the liquid form-. The temperature at which 
this ponddhsa'iioe begins is called, the dew-Doint. 
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Sincr coiiflpnsation will lakt; |ila('j moiv nrulih" flihen 
the air contains much va|iyfir. it follow^s IliaJ thi- tlcw- 
])oint wilt ho hji,'hor when *!»' air is (laiu]' ihiiii_ when il 
is (Irv. 

* This ('(gulonsation of moishirciin the .in' Jakes jilacc in. 
various hirnis ; thus wjien'ii i oiukuses in 1h^*^uV4X'r 
regions, blonds arejonned^eunsisting ol mt 4 ii s of minute 
water-dro^s : when these do»])s Iteeonie largei th#j>' desjieinl 
as rain, fondensalion near the eroimd l^o'e^ im din^'S 
‘nnst or log. and n ndensalion on tlie solid ohji'cis on tli*‘ 
ground givi's rise to dew, or d the Jeiiii 'r.dnie be Ifrlow 
the frc' /dng-iioinl. hoaidrost is tonne'. 

Oth.T liomds bess! water ev.vporale On 
of iheri, I ." sjiin <s wine or alcolflil and Inrpenline, dry 
u]i more (iniekiv loan water: ^olliers eviflioiate more 
slowlv r.g. p.iiaffin oil; and others, again not«it all. ^’.g. 
manv oils, such as olwe oil. fiencially spi'alung. those 
liquids w'liieh havi a low boiling-iioint I'va^orate nior# 
rapidh'. jr na more volalitc, as we sav. than those wit' a 
high bojling-noint. Thosi' liquids whirli do not evaporate 
at all ai.preriabfv are said to 1 " nonvolatile. 

Latent Heat of Evaporr.tion.— Tli^ process'of 
• slow ev%poi.i1ioii at ilie ordinary tcni|ie^itnre is accom¬ 
panied liy an absor|)lion ol latent heat, no Ifc^ than the 
process of boiling. The well-known chiily feeling which 
results from standing in a diaught with dam|) chithing 
istcausqd by the ahf^irpiion ol lati-nt heal ol evaporation 
When the ground is v.a^e..'d in hot weatfier, it not onl\ 
lays the du.st, hut >ipreaiis a pjrasanl coolness, due to the 
^wiaporation of the water. 

, The rapid evaporaiiou ol a eery colatile Jiqiiia, suet; a 
ether, absorbs so much heat that id' ”, reSdily producec 
by placing ^/hin vessel containnig wafer in %ontac 
, \nth it. 
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Ei'y{?roiiietars.— Since ^ the amount of water vapour 
in tho ail* vaiies f;reatly, it is desirable to hav'c some 
means of finding how muc). is jiri'senf at any given time, 
f.n instrument ior this imrjiose is called a hygrometer. 
.Most of these depend mi finding the dew-poir/. i.c. the 
teitipe'Store at which c('',ileiisidiiin begins. We have 
already seen*’'ttiaf when there i.s much va]«iui'' ]iroscnt, 
the lcw-p'.iint is higher than when there is littlee 
.The hygrometer most coinmonly used dejiends on the 
two facts;, (i) that the rale ol evaporation is greater the 
farther the air is re”ioved Irom llie point of saturation, 
!■>. ;he drier if is, and (a) that when evaporation takes 
place, latent liiat is consumed. The instrument consists 
simply of two ordinary ttiermonieters, the Imll) ol one 
of them beihg covered with muslin, which is kept con¬ 
stantly wet hy a kmil of lainiewick di|iping in a vessel 
ot wa^cfl' As evaporation takes jikice, Irom Itiis wet bulb, 
^leat is consumed, and heme il slums a louci tem|ieraturc 
than the dry’ bulb. Tlie drier the air, tlie more rapid will 
be the evajioration and the consequent eonsiimption of 
heat, and hence tlie (Uffcrvncc m tlie readings ol the wet 
and. dry bulbs will be greater uvlien the air is dry than 
when it is moist, and if at any time the air is quite 
ia'urated, evaporation will cease, and both therniiomcters, 
iHl show ■ the same reading. The actual amount of 
moisture ^correspionding to, any two readings of the wet 
and dry bulbs is found by consulting a set of tables. 
Sqch wet and dry bulb liygrometers are sometimes u^d 
in cotton-weaving sheds, in which Hie dampness of the 
air lias an imjiort.ant e,fecl on fh, weaving process. 
When the air bcciimes too dry, il js often artificia}]^ 
tiumidified byt'means ol steam or water spray. 
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SlIjJMARV. 

I. Huoli iifluul lias a (Iflimk' liailinf'-ixiiiit. 

> 2.^0iie c»liir inch cl water loniis about i cubic toot ol 

steam. ' 

3. Decrease ol iircssiin? 'ywe^ the lioiliii^-oouil, im-rtase 
of pressure raises it. 

4. Lateait heat ol steam - 537 (or (jliti iu^llnfltih ufiits').'* 
.Hence the lar{,a' .amount ol cold water required to C(,iulei1so 

steam. 

5. Eva]X)ration takes place silently at Hjo oixlinary 

temperature. * • * 

6. Kate ot evapoKation dependsiy/ (.1) evtflit of siiifacei*’’ 
(b) tempaafuri fri dryness ol the air, (il^ presence or 
abseiicttol wind. 

7. The dc’.v-poipt is the temperature at u'’'ie'.i the 
moisture m the tiir bettms to comlense. 

8 . A iiypeometiT measures thi’ dami'iiesswif the ftir. 
A simi-le iorin consists ol wet and dw bulb tl*nnrtmet a's. 

E^EI .'ISFS. 

1. How much steam at 100" t'. must be lilown iTito 
a galloaof water at jo" C. to just raise it uo lo*ioo'’ C. ?" 

2. How many units of heat would be i*cessary fo 
convert 50 grams of ice at o" C.jinto ste.un at loS’ C. ? 

3. A steam-engine usi s 5 lbs. ot steam per minute. 
Hgw much Cond 'nsing water must bo suiiplied at 50^’ F,so 
that ilftiay not be ntised at)i>vc too'' F ? 

4. If it takes 4 ^niniitts to ^aise a jiint of water trom 

to the boilii;g-point, how long will ij take to boil 
dry if the heat is received at atonslant rate 

Practical E.kekoises. 

I, Test the' 100° C.*matk on a thennometer by sur¬ 
rounding it with steam ^om boilkg w%tei4 j;antained in 
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a fla^k ^vitli a neck Jang cnongli to cover tire thermometer 
stem. ' 

Try ths tioiling-jxmit of a'soliition of salt,(a) with the 
■ tlicimoifleter in the liquid, (fij with the tliermometor in 
the steam. , 

I/, ml the Ixjihng-iiointS' o^ mie or nuire liquids, such 
as methylated si)iril, by using a small distilling Jlask. 

*' Disf/i a i^anqile ol jnire water Irom a solution ot some 
coloured sslt (say. cojipei ^ul|)hale) 

•'4. To go. a nu/g/i idea ol the heat cousumi'd in jiro- 
diiciiig steam, heal ^ nine cold walei in a metal vessel 
with''a small‘steady llame, and lind the time reijuired 
■do i^ise it t.|i to hoilingqioint. and the lime re(|^ured 
to boil it completely away. .Assuming that heat is 
reeeiei'd at "the same .rate all the time, (onq,y.ire the 
quelltjJLv.Jd heat re(|uired to heal the water, say, from 
15' to 100' t.. (/.c. M5 ). with the heat reqinn-d to convert 
it V) steam., 


(A'./)’.t Tlje water loses liisit more cpiiekly when hot 
than when cold, hence the comparison ,e'm only lie a 
rough and ready one.) 

4.‘ Find the latent heat of 'steam by passing steam 
ra^iiHy fronj a glass or metal boiler into a tlask containing 
a weighed quaiTily oi cold water (Irom 100 to i^o e,.e.),' 
whose tejufleiatiire is known, l.et the temperature rise 
some 2ot? or gi/', then withdiaw the’'sleam tube. After 
shaking the tlask round to equalise the teinneralure, read 
the .thermometir and thin lareliilly weigh the llaskito 
find the weight ol steam condens^'d. ' ' 

The method ot cakailatgni is mdici^icd in the chapf^. 
A simple lonp. of irap should he userl on the steam pi)e2» 
'•■j'ujt abijve I lie colil water tfiisk, to arrest any water due tp 
spray 01 condensed st.eam. 

6 . Gaver a‘ thennometer bulb with piece of damp 
rag, and compyin. its reading wi^i that of a dry bulb 
thermometer.. 
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rON’Dl CriON, fO'iVtx’NON, AND KADIATiOf! 

TllKKH !tti‘ IliiT'’ distinct jiiiKcsscs liy \^liii .if cltiT' 
pass from 0110 |ilacc to another. These lhri»‘ modes*of 
transfer may he (oinpaie.i rout;hly to tiii*’i' wavs In 
which water < oiild ho traiislerred l^nii a |/ond to ii mini- ' 
in;' 1 nddin;;. Firs' imagine a chain of moii jiXssiiig 
bnehets ot Mater hoiii hand to hand : correj^'ond'f’’ 

to '■oiidui I ion. in uliich lieat is jiasseil Iroiii ]iartiele to 
jiarticl^ ol some conducting s«l-islaiue, as when heat 
pusses along a poker, one end of wliicli is sl^icj^in»thc 
fire. Socoiuily, imagine that the men, iiiste.'d of jia.ssiiig 
the biickels ol w.itei from hand to hand, ,'tftiially c#rry 
the hu' Kots from the pond to the huildii^; aad return 
with the eii'p^y Imekeis, so that we have a ■continuous 
stream of men with full hui'e-t.s in one direction and a 
return stream of in n \filh ciu|)ty biiekets; this N^rre- 
sponds roughly to the coir’ect.jii of hea^ by moving 
currents of a liquid 01 gas; hut, as w» shall see latjr, 
the currents are mamlamed by the e(fccl*o^ the heat 
itself in cau.sing expansion ol Uie liquid 01 gas. Lastly, we 
may imagine the wale.r to be [irojected or thrown over 
the iatervening spifee iii a eontiiuious jcl, so th»t*thc 
transiSr 'S effected rude;",i.deiilly ot any intervening men; 
this corresponds ^ery longhlf to the radiation of heat, 
it which it is, as*it wcie, duown out Itt a liot bodjj 
only, unlike, the let of waler, Iho licat is ihroviai 01^! tn 
all directions. An example ol ttiis is ‘aflordod when 
heat jreache^^e earth from Jhe^sun, or* when'we fee 
the heat tlwrwn oi^t by a fire when* we slatid scune 
distance away. 
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C6hduc|;ion. —tonnmoii i|\xperipnc(: toadies us that 
some sul)sliviiccs conduct licalcniore readily than others; 
thus, if wo pluc'e a jioker and a wooden sfieksside by side 
hh (he fiih we sliall find lhal llie handle end of the poker 
soon f<ot.s mfi'‘.'mf(w(,ilily wanii, wheieas, wliile''onc'end 
of I'lioravood burns away the otlwr end scarcely becomes 
ajipreciably waim. We sa}' Ih.il the iron is a fairly good 
'cfind'nctoi’bl hpal, whereas the wood is a bad Conductor, 
or,‘as it is iometnnes called, a iion-coiidiK loi. 



•In order Jo c'omjiare the ronductmg [lowei of different 
metals, wtf may use the aji|)aratiis shown in the figure, in 
which rods of the different metals project through the 
sides of a pan containing hot waler„or heated oil. The 
projecting jiortions are coated with wax, and as the heat 
‘travels along the bars tl^e waf. mcl(*s. The wax will 
melt failliest along that bar which is the be.st conductg^ 
in the fijKnv), and the* melting will extend for the 
shiA'tcst'distaeicc alcjug the worst conductor (A in the* 

figure)-,. 

' Silver^ is the besi ^ondiiclor, and, if liivrepresJht its 
conductivity.h'/ioo, that of co'ppo/ will be about 75. and 
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that of iron from 10 to 15. T^hus it a|)pears rlu^t copper is 
a much IiclU'r ((mductor Him non; hcnle it i» verj'.suit¬ 
able for U'.o.iii the firebox and tubes of'a iijcomotive 
,boilei, to !d«ilitale the liaiister of heat from the lire anS 
hot furna?(; gases to the \vate«. * 

111 soiijj’ cases it is iui]«* tjnt>o stop the i^miovaff^ ij'at 
as far as jio.ssilile bv»lh(' uS'- ot iion-eoiiductois. Most porous 
and fibroiff'substances, sucli as lur, wool, l^itliefs, stf.iwl 
wood-shavdngs, and fibrous asbestos, are bad Kinducto<s 
on account of tin air entangled in the jioies aftd belvjeefl 
tile filiros, air and oilier "ases be^ig exceedingly baji 
conductors. 

Tlyi waie'th ol ilothiiig made ol Iur nr wooflen matj^•'ials * 
is a.coiiiitc'd *01 1.1 tins way, the natural lieal^oi the body 
being kn()t 111 by these noti-rondue*ing sulistanc. s., 

The wrapping ol jniiups and stand pipes w^li^stramr, 
and the packing round water cisterns with sawdust or 
shavings, rs a prob-ctivc ag.iinst liosl, is ainyther uso^uf 
applicat on of non-roiidiiclois. 

Steam boic-r.'* and steam pipes and cyliiidcis are fre¬ 
quently surrounded with some .pecial jiorims eompo.sition 
or asbestos packing U. rcdltce the loss of heat. 

• Coni^ction. —It has dieady been peynicd out tha^ 
when a liquid is heated, the e'jiansioii "hich^^k es place 
causes a decrease in density,•since there is a smaller 
quantity of liquid in .1 given space alter the cxiiansion. 
This is .sometimes expressed by saying that the liquid 
lieconies lighter wheii^..a l^id, liut such a statement is rather 
BiLsleading. Thus,^ wc lakc # pound ol water and heat 
.*!,,«it will still weigh a poun'l; but li w(,'« take, say, a 
gi'illonof cold water, winch weighs 10 lbs., aAi lieait it,if 
will expand so as to form more tllan a gallon, and if 
we thrgw awai^^e exce.ss and weigh just a*gallon'of the 
hot water, it wifl of course weigh less than«ro lbs., becauste 
there is now less water iij the gallqji jne^uiic \han before. 
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The way or' siaunj the case is tliat the hot 

water is E'ss dcilse or specifilally lighter, than the cold 
water. 

The ednscejuoncc ol tins is that il water containf^jl in a/ 
kettle yi' 111 a slehin lioilei' be heated Irom below, the 
lieale*,! water,t/'iids to iis(C\ini.i the colder water,.descends 
to take its place, so that a i oiitinuorfs circulation is set 
up ^iind* the ,heat is conveyed and dislrilHifed by the 
chrrents tfl warm walcr. This is the process called con-, 
■(’ection. The ascending and ile-,c,endmg streams can bo 
inade'eisiljle it the i^ater bo heated in a glass vessel and 
some heavy sawdust or some iiagmenis ol colouring 
matif T be inirodiiced to tr.ui' out the currents. U will 
be obsei veil, that the cuirents aic only set up when the 
water is healed Irom kclow; il the heat be su}fplied at 
lift- t9f!_ die heated water will remain at the lop. As 
wafer IS a very bad condmfoi. these eonveilioii currents 
art ol giea'' imjiorlante in dislubutmg heal in a mass of 
water, and ki some steam boilers thoic is an arrangement 
of tubes to promote, the eireulation. 

These convection currents arc also very usclully applied 
in.tlie heating ol buildings by hot-water jiijies. The heat 
IS, snpiilicd* by a lurnace and bodcr at a iow level: the 
heated watei' ri,es by a pipe which leaves the top ol the' 
boiler, an 1 alter circulating through the piixis and radiators 
flows a^u lower lempfrat(!fe by a return jiipc which enters 
the lower part of the boiler. In a similar manner the heat 
sifpplied to the boilci at the back of',a kitchen fircs^ratb is 
conveyed to the storage cylinder from^yhicli the supply of 
hot water lor dumeslic pil. poses is drawn. 

Since air greatly e.xppnded by heat, it follows tltSi 
canvection cairreiits arc readily set up whenever air is 
heated more in one'place than another. The draught in 
a chiifiney is caused l^j lire upward tende<,j^' of ththeated 
(vilumrt of ail. 'The longer the chiir.ney arid'the hotter the 
gases it rijti tains thpV'Uorc powerful will be the draught. 
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Tlie founation of a convecliitii ciimalt is casiljiilhi^rated 
by tlie anangL'mctil shown iTi^the fiRun'. 'A cit;!lr-l)ovwith 
two liok'.i in*tlu' bottom 
•is iiistriei’. *0011 a f^lsss 
chimney iJated over eaeli 
hole. 4 iiRbted eandle’ 
burns undei' one til the 
holes, aiuT by incein' of 
,sonie .-.nioke tnuii smoul¬ 
dering paper it can be 
shown that there k an 
upwaid curreiil in lb'- 
eliiiRriey o”er tic caiidli 
and a downward. 1 iirri'iit 
ill the #thei. 

A similar aiiangenient on a huge scale is .soiiuuo’ies iSed 
in the ventilation ol coahiniiies, a tire being ulaced at the 
bottom ' 1 one ot the shalt^, causing an iijxliwught which 
carries away tlie toiil an ol the mine, a coitsiaiTt stream 
of fresh air destciiding liy a second shaft. 

Convection cnneiils a^> oi ' n used in the ventilation . 
of public buddings, nutlets being provided at the higtiest 
part 0^ the rool by which tiic air wliidi has ht'cn 
rendered lout and also heated hy the )ihisence ul peojjlc 
or burning gas, csca)ies from the building, Us place, being 
taken by Ircsli an admitted hatm below. 

Winds aie, toi the most part, to lie considered as natural, 
cfmveijfion cm rents^on a laige scale caused by the unequal 
heating ot the atiiiositicii at diffeieiit jciits. 

’ Radiation.— Although 1 '^' sun is aboih^gj nullions o^ 
■miles distant, and there is apparently no niati’iial »ubstanfe 
in the intervening space, tlie oarlll rereives a mnstant 
supplqi of liditf.ind heat Irom 1^. 

Light anu heat al*o stream out in ah dircctitins tmm 
a fire or from a red-hot»mass of rfl^tah* E^ert if the mass 
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of ifu fvl be no'l liot^cnough^Io be visible in the dark, it 
may shll send o«t ho,it. Thir, streaming out of light or 
heat, or hoth, from a hot hotly is called radiaition. 

* There*are many iioinls of resemblance bctwivin liglit and 
radiant lieati; * Urns whnf wiY.tand in the shade \^e escape, 
to it.iniiVexlent at least, troffi Ixitbthe intense ligld and the 
heat of the snn. Again, both light airt heat can be re- 
tfcciVil ofMmyvn back by a suitable surlace, anil whereas 
socne siihskinces, such as air and water, allow radiation to 
I'ass throiifjh Ihem Ireely, there ,ire others, such as wood, 
metal„and stone, wl/ch completely block their jiassage. 

It Shoukrbe'notcd, that when radiani heal jiasscs through 
a int^fliiini sifih as dry air, it does not heat it; it is only 
when the radiations are absorbed, that the healing effect is 
peiccptijile. ' i'hus an object jilaecd in Iront of a bre may 
getmudi^hotter than the air between it and the fire. 

Substances diflcr greatly in llieir power ol aosorbing 
I'acljant heaj, Tims it is well known that light-coloured 
clothing .absprbs the sun's lays niueh less than dark 
clothing, and a bright shining metal suilare absorbs heat 
less than a dull black surface. 

TlH'ic are ionesjionding dilftaenccs m the power of 
radiation, or, throwing oft heat; thus a bright metal tea¬ 
pot loses heat l^y radiation much less quickly titan one " 
with a hlaj-lo smoky, metal sui lace. In faet, good absorbers 
of radiant heat are themselves good rarfiator.--, and bad 
absorliers are bad radiatois. 

Since radiation lakes place only frlnn the surface of*a 
body, it is ciei'i? that the rale of i^adiation will depend on 
the e.xtcnl ol surface, hems ■ hot-wate/radiators are pur¬ 
posely made expose a lar^e surface, ‘and in .some casSs* 
Jjsojf.ctiqjis cabl'd gills are cast on to the hot-water pipes* 
simplv to proitde adcKtional radiating surface. 

, ’ The fict is, liglu onti ra*lianl,hcat arc simply manihftlations ' 

of *hc saiufc plienoni^iK'i., hut whereas l^bt ic only perceived by the eyCi 
ladianl heat parts o^lbe boJ>. 
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Glass IxEavcs in a pcculiy way Jowartls rgcii^^^fts; 
hus, whilo v'(^ can feel both Uic liglil and ■lioat (*f tile sun 
hrougli a wiiijou, a shoot of glass forms a Vcry^'l'loclive 
jro-screen. JIk- o.\pfan:uion is tlial, whereas {Jl.uss if 
a'anspareifl to ordiniity liglit i^ys,*[l doo'. not»]»‘rmit dark 
icat rays to pass through.* Thus, a greenhouse aefs,i>Ja 
dnd of heal trap, aUowing the heat and hghTt)f tlie sun to 
inter freel^uit ste])ping the los,s ol heal by radiafitm frftjiT 
he objects within, siiu'e tlie.se i.uliatioiis eonsisA cmircly 
if dark heat 1 ay.s. 

Srm.AKV. 

I.,lu eouduetion ihe heal is p.rssed Iron? iiartiejf to 
part'cje. 

2. In^onveelion tlie lieal is carwed liy inoviri'i' particles 
of hqiud or gas. 

3. In radiation ihe lusit is, as it were, thrown out in all 
directions. 

4. Mfiab. are good coiidiietors (copper an^ sikver t.ie 

best). , 

5. Porous anil fib'oiis boiii ^ aie bad conductors, and 
often used to keeji he., in 

6. Convection I'ccur- when a Ik] id is heatedjroin oew^, 
because ftic l.oated liqual is le.ss dense, aiid*iherelore rises. 

7. Hot-water systems distribute heat bv coiibiytion. 

8. Convection*cm rents in airsire useful loi ventilation. 

9. Radiant lic.d greatly lesenibles light. 

K. The rate ot r.'ifliaiion depends on the e.xtenl «i*d 
nature Sf the surface _r.iod radiators are also good 
absorbers. 

- "il. Glass absorbs tlark heal ravs. 

fRACTICAI, ExbliClsilb. 

I. ExamlnqflBt.; convection cufrenfs in ^atcr by.taking 
a fairly wide beaker of vvatqp and jjeating 4 at one side, 
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the '/nrrejts ficiiig fraced 1*/ putting in a crystal of per- 
manganatr, or M a suitable ^lye, or some heavy sawdust. 
Notice l«)th tlie ascending and descending skearas. 

* 2. E*xamine eonveetioii i in rents in air by ineaaa of 
eigardio.x .mfi a ctnijile 'of ffnnp chimneys, as described in 
tl{' knegoin^^ hajitei. 

J. Twist tugelhei pieces of non andVoppei wire of equal 
*tli!T'l;ness, coj’er the ends with parafhn wax, and heal the 
function Vith a gas 11 ,line, noltcing how tar along each 
'wire the \*ax niells. Which ilo you cone hide is the better 
condKctoi,? 

4 '. Jldd a piece ol glass loil oi tubing in the tlaiiic until 
the<i‘nd niefls. Does^ilie olhei end beioine very hot V Do 
yon considej- glass a good condm. loi ^ 

5. 'Take two equal fltisks lull ol hot water (at*lhe same 
fPiupwaVire): |iack oni' in a ch.ilk box Tilled with saw-dust, 
and leave the other exjiosed. Ex,inline the tem|>"ratnre of 
each at iiiltei v.iK of 15 nnnnies. Does the w.iter cool at 
the .same r.ke when it is colder as it did when hot ? Does 
the sawdust ret.ird the cooling ? 

6. Take two equal 1 opper vi^.sels, jiolish one and smoke 
tlje other, fill up witli hot walei (botli at the same tenqiera- 
tiire), andacover with a wooden or cork lid c|rrying a 
jthermometcr, *nd k't eai li st.ind on a flat cork, or three 
small ro*ks. Notice the r.ite of cooling m each case, and 
sec wdielher the black or Aright surface railialcs heat more 
quickly, 
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